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e No part of this manual may be reproduced in any form. 
e All specifications and designs are subject to change without notice. 








The export of this product is subject to the authorization of the government of the country 
from where the product is exported. 








In this manual we have tried as much as possible to describe all the various matters. 
However, we cannot describe all the matters which must not be done, or which cannot be 
done, because there are so many possibilities. 

Therefore, matters which are not especially described as possible in this manual should be 
regarded as “impossible”. 











This manual contains the program names or device names of other companies, some of 
which are registered trademarks of respective owners. However, these names are not 
followed by ® or ™ in the main body. 
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SAFETY PRECAUTIONS 





This section describes the safety precautions related to the use of CNC 
units. 

It is essential that these precautions be observed by users to ensure the 
safe operation of machines equipped with a CNC unit (all descriptions 
in this section assume this configuration). Note that some precautions 
are related only to specific functions, and thus may not be applicable 
to certain CNC units. 

Users must also observe the safety precautions related to the machine, 
as described in the relevant manual supplied by the machine tool 
builder. Before attempting to operate the machine or create a program 
to control the operation of the machine, the operator must become 
fully familiar with the contents of this manual and relevant manual 
supplied by the machine tool builder. 
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1.1 DEFINITION OF WARNING, CAUTION, AND NOTE 


This manual includes safety precautions for protecting the user and 
preventing damage to the machine. Precautions are classified into 
Warning and Caution according to their bearing on safety. Also, 
supplementary information is described as a Note. Read the 
Warning, Caution, and Note thoroughly before attempting to use 
the machine. 


/A\. WARNING 
Applied when there is a danger of the user being 
injured or when there is a danger of both the user 
being injured and the equipment being damaged if 
the approved procedure is not observed. 


/A\. CAUTION 


Applied when there is a danger of the equipment 
being damaged, if the approved procedure is not 
observed. 


NOTE 
The Note is used to indicate supplementary 
information other than Warning and Caution. 





e _ Read this manual carefully, and store it in a safe place. 
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1.2 GENERAL WARNINGS AND CAUTIONS 


/A\. WARNING 

1 Never attempt to machine a workpiece without first 
checking the operation of the machine. Before 
starting a production run, ensure that the machine 
is operating correctly by performing a trial run 
using, for example, the single block, feedrate 
override, or machine lock function or by operating 
the machine with neither a tool nor workpiece 
mounted. Failure to confirm the correct operation 
of the machine may result in the machine behaving 
unexpectedly, possibly causing damage to the 
workpiece and/or machine itself, or injury to the 
user. 
Before operating the machine, thoroughly check 
the entered data. 
Operating the machine with incorrectly specified 
data may result in the machine behaving 
unexpectedly, possibly causing damage to the 
workpiece and/or machine itself, or injury to the 
user. 
Ensure that the specified feedrate is appropriate 
for the intended operation. Generally, for each 
machine, there is a maximum allowable feedrate. 
The appropriate feedrate varies with the intended 
operation. Refer to the manual provided with the 
machine to determine the maximum allowable 
feedrate. 
If a machine is run at other than the correct speed, 
it may behave unexpectedly, possibly causing 
damage to the workpiece and/or machine itself, or 
injury to the user. 
When using a tool compensation function, 
thoroughly check the direction and amount of 
compensation. 
Operating the machine with incorrectly specified 
data may result in the machine behaving 
unexpectedly, possibly causing damage to the 
workpiece and/or machine itself, or injury to the 
user. 
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The parameters for the CNC and PMC are 
factory-set. Usually, there is not need to change 
them. When, however, there is not alternative other 
than to change a parameter, ensure that you fully 
understand the function of the parameter before 
making any change. 

Failure to set a parameter correctly may result in 
the machine behaving unexpectedly, possibly 
causing damage to the workpiece and/or machine 
itself, or injury to the user. 

Immediately after switching on the power, do not 
touch any of the keys on the MDI panel until the 
position display or alarm screen appears on the 
CNC unit. 

Some of the keys on the MDI panel are dedicated 
to maintenance or other special operations. 
Pressing any of these keys may place the CNC 
unit in other than its normal state. Starting the 
machine in this state may cause it to behave 
unexpectedly. 

The User’s Manual and programming manual 
supplied with a CNC unit provide an overall 
description of the machine's functions, including 
any optional functions. Note that the optional 
functions will vary from one machine model to 
another. Therefore, some functions described in 
the manuals may not actually be available for a 
particular model. Check the specification of the 
machine if in doubt. 

Some functions may have been implemented at 
the request of the machine-tool builder. When 
using such functions, refer to the manual supplied 
by the machine-tool builder for details of their use 
and any related cautions. 


/A\. CAUTION 

The liquid-crystal display is manufactured with very 
precise fabrication technology. Some pixels may 
not be turned on or may remain on. This 
phenomenon is a common attribute of LCDs and is 
not a defect. 
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NOTE 
Programs, parameters, and macro variables are 
stored in nonvolatile memory in the CNC unit. 
Usually, they are retained even if the power is 
turned off. 
Such data may be deleted inadvertently, however, 


or it may prove necessary to delete all data from 
nonvolatile memory as part of error recovery. 

To guard against the occurrence of the above, and 
assure quick restoration of deleted data, backup all 
vital data, and keep the backup copy in a safe 
place. 
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1.3 WARNINGS AND CAUTIONS RELATED TO 
PROGRAMMING 


This section covers the major safety precautions related to 
programming. Before attempting to perform programming, read the 
supplied User’s Manual carefully such that you are fully familiar with 
their contents. 


/A\. WARNING 

1 Coordinate system setting 
If a coordinate system is established incorrectly, 
the machine may behave unexpectedly as a result 
of the program issuing an otherwise valid move 
command. Such an unexpected operation may 
damage the tool, the machine itself, the workpiece, 
or cause injury to the user. 
Positioning by nonlinear interpolation 
When performing positioning by nonlinear 
interpolation (positioning by nonlinear movement 
between the start and end points), the tool path 
must be carefully confirmed before performing 
programming. Positioning involves rapid traverse. If 
the tool collides with the workpiece, it may damage 
the tool, the machine itself, the workpiece, or 
cause injury to the user. 
Function involving a rotation axis 
When programming polar coordinate interpolation 
or normal-direction (perpendicular) control, pay 
careful attention to the speed of the rotation axis. 
Incorrect programming may result in the rotation 
axis speed becoming excessively high, such that 
centrifugal force causes the chuck to lose its grip 
on the workpiece if the latter is not mounted 
securely. Such mishap is likely to damage the tool, 
the machine itself, the workpiece, or cause injury to 
the user. 
Inch/metric conversion 
Switching between inch and metric inputs does not 
convert the measurement units of data such as the 
workpiece origin offset, parameter, and current 
position. Before starting the machine, therefore, 
determine which measurement units are being 
used. Attempting to perform an operation with 
invalid data specified may damage the tool, the 
machine itself, the workpiece, or cause injury to the 
user. 
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Constant surface speed control 

When an axis subject to constant surface speed 
control approaches the origin of the workpiece 
coordinate system, the spindle speed may become 
excessively high. Therefore, it is necessary to 
specify a maximum allowable speed. Specifying 
the maximum allowable speed incorrectly may 
damage the tool, the machine itself, the workpiece, 
or cause injury to the user. 

Stroke check 

After switching on the power, perform a manual 
reference position return as required. Stroke check 
is not possible before manual reference position 
return is performed. Note that when stroke check is 
disabled, an alarm is not issued even if a stroke 
limit is exceeded, possibly damaging the tool, the 
machine itself, the workpiece, or causing injury to 
the user. 

Tool post interference check 

A tool post interference check is performed based 
on the tool data specified during automatic 
operation. If the tool specification does not match 
the tool actually being used, the interference check 
cannot be made correctly, possibly damaging the 
tool or the machine itself, or causing injury to the 
user. After switching on the power, or after 
selecting a tool post manually, always start 
automatic operation and specify the tool number of 
the tool to be used. 

Absolute/incremental mode 

If a program created with absolute values is run in 
incremental mode, or vice versa, the machine may 
behave unexpectedly. 

Plane selection 

If an incorrect plane is specified for circular 
interpolation, helical interpolation, or a canned 
cycle, the machine may behave unexpectedly. 
Refer to the descriptions of the respective 
functions for details. 


10 Torque limit skip 


Before attempting a torque limit skip, apply the 
torque limit. If a torque limit skip is specified 
without the torque limit actually being applied, a 
move command will be executed without 
performing a skip. 
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11 Programmable mirror image 
Note that programmed operations vary 
considerably when a programmable mirror image is 
enabled. 

12 Compensation function 
If a command based on the machine coordinate 


system or a reference position return command is 
issued in compensation function mode, 
compensation is temporarily canceled, resulting in 
the unexpected behavior of the machine. 

Before issuing any of the above commands, 
therefore, always cancel compensation function 
mode. 
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1.4 WARNINGS AND CAUTIONS RELATED TO 
HANDLING 


This section presents safety precautions related to the handling of 
machine tools. Before attempting to operate your machine, read the 
supplied User’s Manual carefully, such that you are fully familiar with 
their contents. 


/A\ WARNING 

1 Manual operation 
When operating the machine manually, determine 
the current position of the tool and workpiece, and 
ensure that the movement axis, direction, and 
feedrate have been specified correctly. Incorrect 
operation of the machine may damage the tool, the 
machine itself, the workpiece, or cause injury to the 
operator. 
Manual reference position return 
After switching on the power, perform manual 
reference position return as required. 
If the machine is operated without first performing 
manual reference position return, it may behave 
unexpectedly. Stroke check is not possible before 
manual reference position return is performed. 
An unexpected operation of the machine may 
damage the tool, the machine itself, the workpiece, 
or cause injury to the user. 
Manual numeric command 
When issuing a manual numeric command, 
determine the current position of the tool and 
workpiece, and ensure that the movement axis, 
direction, and command have been specified 
correctly, and that the entered values are valid. 
Attempting to operate the machine with an invalid 
command specified may damage the tool, the 
machine itself, the workpiece, or cause injury to the 
operator. 
Manual handle feed 
In manual handle feed, rotating the handle with a 
large scale factor, such as 100, applied causes the 
tool and table to move rapidly. Careless handling 
may damage the tool and/or machine, or cause 
injury to the user. 
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Z\ WARNING 

5 Disabled override 
If override is disabled (according to the 
specification in a macro variable) during threading, 
rigid tapping, or other tapping, the speed cannot be 
predicted, possibly damaging the tool, the machine 
itself, the workpiece, or causing injury to the 
operator. 
Origin/preset operation 
Basically, never attempt an origin/preset operation 
when the machine is operating under the control of 
a program. Otherwise, the machine may behave 
unexpectedly, possibly damaging the tool, the 
machine itself, the tool, or causing injury to the 
user. 
Workpiece coordinate system shift 
Manual intervention, machine lock, or mirror 
imaging may shift the workpiece coordinate 
system. Before attempting to operate the machine 
under the control of a program, confirm the 
coordinate system carefully. 
If the machine is operated under the control of a 
program without making allowances for any shift in 
the workpiece coordinate system, the machine 
may behave unexpectedly, possibly damaging the 
tool, the machine itself, the workpiece, or causing 
injury to the operator. 
Software operator's panel and menu switches 
Using the software operator's panel and menu 
switches, in combination with the MDI panel, it is 
possible to specify operations not supported by the 
machine operator's panel, such as mode change, 
override value change, and jog feed commands. 
Note, however, that if the MDI panel keys are 
operated inadvertently, the machine may behave 
unexpectedly, possibly damaging the tool, the 
machine itself, the workpiece, or causing injury to 
the user. 
RESET key 
Pressing the RESET key stops the currently 
running program. As a result, the servo axes are 
stopped. However, the RESET key may fail to 
function for reasons such as an MDI panel 
problem. So, when the motors must be stopped, 
use the emergency stop button instead of the 
RESET key to ensure security. 
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10 Manual intervention 
If manual intervention is performed during 
programmed operation of the machine, the tool 
path may vary when the machine is restarted. 
Before restarting the machine after manual 
intervention, therefore, confirm the settings of the 
manual absolute switches, parameters, and 
absolute/incremental command mode. 
Feed hold, override, and single block 
The feed hold, feedrate override, and single block 
functions can be disabled using custom macro 
system variable #3004. Be careful when operating 
the machine in this case. 

12 Dry run 
Usually, a dry run is used to confirm the operation 
of the machine. During a dry run, the machine 
operates at dry run speed, which differs from the 
corresponding programmed feedrate. Note that the 
dry run speed may sometimes be higher than the 
programmed feed rate. 

13 Cutter and tool nose radius compensation in 
MDI mode 
Pay careful attention to a tool path specified by a 
command in MDI mode, because cutter or tool 
nose radius compensation is not applied. When a 
command is entered from the MDI to interrupt in 
automatic operation in cutter or tool nose radius 
compensation mode, pay particular attention to the 
tool path when automatic operation is subsequently 
resumed. Refer to the descriptions of the 
corresponding functions for details. 

14 Program editing 
If the machine is stopped, after which the 
machining program is edited (modification, 
insertion, or deletion), the machine may behave 
unexpectedly if machining is resumed under the 
control of that program. Basically, do not modify, 
insert, or delete commands from a machining 
program while it is in use. 
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1.5 WARNINGS RELATED TO DAILY MAINTENANCE 


/A\. WARNING 

1 Memory backup battery replacement 
When replacing the memory backup batteries, 
keep the power to the machine (CNC) turned on, 
and apply an emergency stop to the machine. 
Because this work is performed with the power on 
and the cabinet open, only those personnel who 
have received approved safety and maintenance 
training may perform this work. 
When replacing the batteries, be careful not to 
touch the high-voltage circuits (marked A and 
fitted with an insulating cover). 
Touching the uncovered high-voltage circuits 
presents an extremely dangerous electric shock 
hazard. 


NOTE 
The CNC uses batteries to preserve the contents 
of its memory, because it must retain data such as 
programs, offsets, and parameters even while 
external power is not applied. 
If the battery voltage drops, a low battery voltage 
alarm is displayed on the machine operator's panel 
or screen. 
When a low battery voltage alarm is displayed, 
replace the batteries within a week. Otherwise, the 
contents of the CNC's memory will be lost. 
Refer to the Section “Method of replacing battery” 
in the User’s Manual (Common to T/M series) for 
details of the battery replacement procedure. 
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2 Absolute pulse coder battery replacement 
When replacing the memory backup batteries, 
keep the power to the machine (CNC) turned on, 
and apply an emergency stop to the machine. 
Because this work is performed with the power on 
and the cabinet open, only those personnel who 
have received approved safety and maintenance 
training may perform this work. 
When replacing the batteries, be careful not to 
touch the high-voltage circuits (marked A and 
fitted with an insulating cover). 
Touching the uncovered high-voltage circuits 
presents an extremely dangerous electric shock 
hazard. 


NOTE 


The absolute pulse coder uses batteries to 
preserve its absolute position. 

If the battery voltage drops, a low battery voltage 
alarm is displayed on the machine operator's panel 
or screen. 

When a low battery voltage alarm is displayed, 
replace the batteries within a week. Otherwise, the 
absolute position data held by the pulse coder will 
be lost. 

Refer to the FANUC SERVO MOTOR ai series 
Maintenance Manual for details of the battery 
replacement procedure. 
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3 Fuse replacement 
Before replacing a blown fuse, however, it is 
necessary to locate and remove the cause of the 
blown fuse. 
For this reason, only those personnel who have 
received approved safety and maintenance training 


may perform this work. 

When replacing a fuse with the cabinet open, be 
careful not to touch the high-voltage circuits 
(marked A, and fitted with an insulating cover). 
Touching an uncovered high-voltage circuit 
presents an extremely dangerous electric shock 
hazard. 
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This manual consists of the following parts: 


About this manual 

I. GENERAL 
Describes chapter organization, applicable models, related 
manuals, and notes for reading this manual. 

II. PROGRAMMING 
Describes each function: Format used to program functions in the 
NC language, explanations, and limitations. 

Il. OPERATION 
Describes the manual operation and automatic operation of a 
machine, procedures for inputting and outputting data, and 
procedures for editing a program. 

IV. MAINTENANCE 
Describes procedures for daily maintenance and replacing 
batteries. 

APPENDIX 
Lists parameters, valid data ranges, and alarms. 


NOTE 

1 This manual describes the functions common to 
the lathe system and machining center system. 
For the functions specific to the lathe system or 
machining center system, refer to the User's 
Manual (T series) (B-63944EN-1) or the User's 
Manual (M series) (B-63944EN-2). 
Some functions described in this manual may not 
be applied to some products. For detail, refer to the 
Descriptions manual (B-63942EN). 
This manual does not detail the parameters not 
mentioned in the text. For details of those 
parameters, refer to the Parameter Manual (B- 
63950EN). 
Parameters are used to set functions and operating 
conditions of a CNC machine tool, and frequently- 
used values in advance. Usually, the machine tool 
builder factory-sets parameters so that the user 
can use the machine tool easily. 
This manual describes not only basic functions but 
also optional functions. Look up the options 
incorporated into your system in the manual written 
by the machine tool builder. 
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Applicable models 


This manual describes the models indicated in the table below. 
In the text, the abbreviations indicated below may be used. 


Abbreviation 
FANUC Series 30i-MODEL A 


FANUC Series 300i-MODEL A 300i-A Series 300i 

FANUC Series 300is-MODEL A 300is—A Series 300is 

FANUC Series 317-MODEL A 311 -A ' ; 
Series 311 

FANUC Series 31i-MODEL A5 31i -A5 

FANUC Series 310i-MODEL A 310i-A : ; 
Series 310i 


FANUC Series 310i-MODEL A5 —_|310i-A5 
; : : Series 310is 
FANUC Series 310is-MODEL A5 |310is-A5 
FANUC Series 320i-MODELA __|320i-A Series 320i 
NOTE 
1 For an explanatory purpose, the following 

descriptions may be used according to the types of 
path control used: 
- T series: For the lathe system 
- M series: For the machining center system 
Unless otherwise noted, the model names 
311/3107/310is-A, 317/3107/310is-A5, and 
321/3201/320is-A are collectively referred to as 
301/3007/300is. However, this convention is not 
necessarily observed when item 3 below is 
applicable. 
Some functions described in this manual may not 
be applied to some products. 
For details, refer to the DESCRIPTIONS (B- 
63942EN). 
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This manual uses the following symbols: 


Indicates a description that is valid only for the machine center system 
set as system control type (in parameter No. 0983). 

In a general description of the method of machining, a machining 
center system operation is identified by a phase such as "for milling 
machining". 


Indicates a description that is valid only for the lathe system set as 
system control type (in parameter No. 0983). 

In a general description of the method of machining, a lathe system 
operation is identified by a phrase such as "for lathe cutting”. 


Indicates the end of a description of a system control type. 

When a system control type mark mentioned above is not followed by 
this mark, the description of the system control type is assumed to 
continue until the next item or paragraph begins. In this case, the next 
item or paragraph provides a description common to the control types. 


Indicates a combination of axes such as X_ Y_ Z_ 
In the underlined position following each address, a numeric value 
such as a coordinate value is placed (used in PROGRAMMING.). 


Indicates the end of a block. It actually corresponds to the ISO code 
LF or EJA code CR. 
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Related manuals of 

Series 307/300i/300is- MODEL A 
Series 317/3107/310is- MODEL A 
Series 317/3107/310is- MODEL A5 


Series 321/320i/320is- MODEL A 

The following table lists the manuals related to Series 3012/3001 /300is- 

A, Series 3112/3101 /310is-A, Series 3117/3101 /310is-A5, Series 

32/3201 /320i1s-A. This manual is indicated by an asterisk(*). 

Table 1 Related manuals 
Manual name Specification 

number 
DESCRIPTIONS B-63942EN 
CONNECTION MANUAL (HARDWARE) B-63943EN 
CONNECTION MANUAL (FUNCTION) B-63943EN-1 
USER’S MANUAL B-63944EN 
(Common to Lathe System/Machining Center System) 
USER’S MANUAL (For Lathe System) B-63944EN-1 
USER’S MANUAL (For Lathe Machining Center System) | B-63944EN-2 
MAINTENANCE MANUAL B-63945EN 
PARAMETER MANUAL B-65950EN 
Programming 
Macro Compiler / Macro Executor PROGRAMMING B-63943EN-2 
MANUAL 
Macro Compiler OPERATOR’S MANUAL B-66264EN 
C Language Executor OPERATOR’S MANUAL B-63944EN-3 
PMC 
PMC PROGRAMMING MANUAL B-63983EN 
Network 
PROFIBUS-DP Board OPERATOR’S MANUAL B-63994EN 
Fast Ethernet / Fast Data Server OPERATOR’S MANUAL | B-64014EN 
DeviceNet Board OPERATOR’S MANUAL B-64044EN 
Operation guidance function 
MANUAL GUIDE i OPERATOR’S MANUAL B-63874EN 
MANUAL GUIDE i Set-up Guidance B-63874EN-1 
OPERATOR’S MANUAL 
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Related manuals of SERVO MOTOR ais/ai/Bis/Bi series 
The following table lists the manuals related to SERVO MOTOR 
ais/ai/Bis/Bi series 
Table 2 Related manuals 


Specification 
Manual name 
number 


FANUC AC SERVO MOTOR ais series 
FANUC AC SERVO MOTOR ai series B-65262EN 
DESCRIPTIONS 


FANUC SERVO AMPLIFIER Bi seri 
DESCRIPTIONS Cae 


FANUC SERVO MOTOR ais series 

FANUC SERVO MOTOR ai series 

FANUC AC SPINDLE MOTOR ai series B-65285EN 
FANUC SERVO AMPLIFIER ai series 
MAINTENANCE MANUAL 

FANUC SERVO MOTOR fis series 
FANUC AC SPINDLE MOTOR i series 
FANUC SERVO AMPLIFIER Bi series 
MAINTENANCE MANUAL 


FANUC AC SERVO MOTOR ais series 

FANUC AC SERVO MOTOR ai series 

FANUC AC SERVO MOTOR Bis series BoeergeN 
PARAMETER MANUAL 

FANUC AC SPINDLE MOTOR ai series 

FANUC AC SPINDLE MOTOR i series 
PARAMETER MANUAL 


Any of the servo motors and spindles listed above can be connected to 
the CNC described in this manual. However, a series servo amplifiers 
can only be connected to oi series SVMs (for 3037/3 11/321). 

This manual mainly assumes that the FANUC SERVO MOTOR ai 
series of servo motor is used. For servo motor and spindle information, 
refer to the manuals for the servo motor and spindle that are actually 
connected. 


B-65325EN 
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1.1 NOTES ON READING THIS MANUAL 


/\ CAUTION 

1 The function of an CNC machine tool system 
depends not only on the CNC, but on the 
combination of the machine tool, its magnetic 
cabinet, the servo system, the CNC, the operator's 
panels, etc. It is too difficult to describe the function, 
programming, and operation relating to all 
combinations. This manual generally describes these 
from the stand-point of the CNC. So, for details on a 
particular CNC machine tool, refer to the manual 
issued by the machine tool builder, which should take 
precedence over this manual. 
In the header field of each page of this manual, a 
chapter title is indicated so that the reader can 
reference necessary information easily. 
By finding a desired title first, the reader can 
reference necessary parts only. 
This manual describes as many reasonable variations 
in equipment usage as possible. It cannot address 
every combination of features, options and commands 
that should not be attempted. 
If a particular combination of operations is not 
described, it should not be attempted. 





1.2 NOTES ON VARIOUS KINDS OF DATA 


/\ CAUTION 
Machining programs, parameters, offset data, etc. 
are stored in the CNC unit internal non-volatile 
memory. In general, these contents are not lost by 
the switching ON/OFF of the power. However, it is 
possible that a state can occur where precious data 


stored in the non-volatile memory has to be deleted, 
because of deletions from a maloperation, or by a 
failure restoration. In order to restore rapidly when 
this kind of mishap occurs, it is recommended that 
you create a copy of the various kinds of data 
beforehand. 
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1.1 TOOL MOVEMENT ALONG WORKPIECE PARTS FIGURE- 
INTERPOLATION 


The tool moves along straight lines and arcs constituting the 
workpiece parts figure (See II-4). 


Explanation 


The function of moving the tool along straight lines and arcs is called 
the interpolation. 


- Tool movement along a straight line 
e For milling machining 






Program 
G01Z_; 


Workpiece 





Fig. 1.1 (a) Tool movement along a straight line 
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- Tool movement along an arc 
e —_- For milling machining 





















Program 
G03 X_Y_R_; 
e _ For lathe cutting 
Program 
G02 X_Z_R_; 
or 
G03 X_Z_R_; 


Workpiece 





or ee eo bed 





Fig. 1.1 (b) Tool movement along an arc 
The term interpolation refers to an operation in which the tool moves 
along a straight line or arc in the way described above. 
Symbols of the programmed commands G01, G02, ... are called the 


preparatory function and specify the type of interpolation conducted in 
the control unit. 


(a) Movement along straight line (b) Movement along arc 


G01 Y_; G03X_Y_R_; 
X_Y_; 


CNC 





X axis ---__ 








; i Tool 
|__. -%Interpolation 


A movement 
7A zi x ices see 


(aeeren ee a = Y axis ~ 








along straight 
line 

‘- b)Movement 
along arc 

















Fig. 1.1 (c) Interpolation function 


NOTE 
Some machines move tables instead of tools but 


this manual assumes that tools are moved against 
workpieces. 
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1.2 FEED-FEED FUNCTION 


Movement of the tool at a specified speed for cutting a workpiece is 
called the feed. 


e ~—- For milling machining 


mm/min 


F +— 


Workpiece 





e For lathe cutting 










mm/min 


F +— 


Workpiece 





Fig. 1.2 (a) Feed function 


Feedrates can be specified by using actual numerics. For example, to 
feed the tool at a rate of 150 mm/min, specify the following in the 
program: 

F150.0 

The function of deciding the feed rate is called the feed function (See 
II-5). 
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1.3 PART DRAWING AND TOOL MOVEMENT 


1.3.1 Reference Position (Machine-specific Position) 


A CNC machine tool is provided with a fixed position. Normally, tool 
change and programming of absolute zero point as described later are 
performed at this position. This position is called the reference 
position. 


e ~—- For milling machining 


Reference position 


Workpiece 





e For lathe cutting 


Tool post 


Reference 
position 











Fig. 1.3.1 (a) Reference position 


Explanation 

The tool can be moved to the reference position in two ways: 

1. Manual reference position return (See II-3.1) 
Reference position return is performed by manual button 
operation. 

2. Automatic reference position return (See II-6) 
In general, manual reference position return is performed first 
after the power is turned on. In order to move the tool to the 
reference position for tool change thereafter, the function of 
automatic reference position return is used. 
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1.3.2 | Coordinate System on Part Drawing and Coordinate System 
Specified by CNC - Coordinate System 


e ~—- For milling machining 





Program 
—_> 


Xx 
Coordinate system 


Part drawing be CNC 


Tool f Command 




















Machine tool 








e For lathe cutting 





x 


Program 
Z ? 


Z 
Coordinate system 
Part drawing ae CNC 





af Command 





Machine tool 








Fig. 1.3.2 (a) Coordinate system 
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Explanation 
- Coordinate system 
The following two coordinate systems are specified at different 
locations: (See II-7) 
1 Coordinate system on part drawing 
The coordinate system is written on the part drawing. As the 
program data, the coordinate values on this coordinate system are 
used. 
2. Coordinate system specified by the CNC 
The coordinate system is prepared on the actual machine tool 
table. This can be achieved by programming the distance from 
the current position of the tool to the zero point of the coordinate 
system to be set. 


Present tool position 


Distance to the zero point of a coor- 


Program dinate system to be set 


origin 











Fig. 1.3.2 (b) Coordinate system specified by the CNC 
Concrete programming methods for setting coordinate systems 


specified by the CNC are explained in II-7, "COORDINATE 
SYSTEM", 


roa Day fos 
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The positional relation between these two coordinate systems is 
determined when a workpiece is set on the table. 


e ~—- For milling machining 


Coordinate system on 
part drawing estab 


Coordinate system lished on the workpiece 


specified by the CNC 
established on the table 


Workpiece 














e__ For lathe cutting 


Coordinate system on part drawing 
Coordinate system specified by the established on the workpiece 


CNC established on the chuck 
2 Workpiece 
: ( Z 


Fig. 1.3.2 (c) Coordinate system specified by CNC and coordinate 
system on part drawing 





The tool moves on the coordinate system specified by the CNC in 
accordance with the command program generated with respect to the 
coordinate system on the part drawing, and cuts a workpiece into a 
shape on the drawing. 

Therefore, in order to correctly cut the workpiece as specified on the 
drawing, the two coordinate systems must be set at the same position. 
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- Methods of setting the two coordinate systems in the same position 


To set the two coordinate systems at the same position, simple 
methods shall be used according to workpiece shape, the number of 
machinings. 


1. Using a standard plane and point of the workpiece. 


Workpiece's 
standard point 


Fixed distance 


Program 
origin 


Bring the tool center to the workpiece standard point. 
And set the coordinate system specified by CNC at this position. 





2. Mounting a workpiece directly against the jig 





Program origin 














Meet the tool center to the reference position. And set the coordinate 
specified by CNC at this position. (Jig shall be mounted on the 
point from fhe reference 





3. Mounting a workpiece on a pallet, then mounting the workpiece 
and pallet on the jig 








Pallet 


Workpiece 











(Jig and coordinate system shall be specified by the same as (2)). 
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The following method is usually used to define two coordinate 
systems at the same location. 


1 _ When coordinate zero point is set at chuck face 


lees 

(| 

aaa 
40 


150 











- Coordinates and X 
dimensions on part drawing 











- Coordinate system on 
lathe as specified by CNC 


Chuck 


Workpiece 









Program origin 





When the coordinate system on the part drawing and the coordinate 
system specified by the CNC are set at the same position, the program 
origin can be set on the chuck face. 
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2. When coordinate zero point is set at workpiece end face. 


l 60 Workpiece 









- Coordinates and 
dimensions on part drawing 














- Coordinate system on 
lathe as specified by CNC 


Program origin 





When the coordinate system on the part drawing and the coordinate 
system specified by the CNC are set at the same position, the program 
origin can be set on the end face of the workpiece. 
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1.3.3. Howto Indicate Command Dimensions for Moving the Tool 
(Absolute, Incremental Commands) 


Explanation 


- Absolute command 


Command for moving the tool can be indicated by absolute command 
or incremental command (See H-8.1). 


The tool moves to a point at "the distance from zero point of the 
coordinate system" that is to the position of the coordinate values. 


e ~—- For milling machining 


B(10.0,30.0,5.0) 


Command specifying movement from G90 X10.0 Y30.0 Z5.0 ; 


point A to point B | 
oordinates of point B 


° For lathe cuttin 









is 
a 
110 


Command specifying movement from point A to 
point B 





X30.0Z70.0; 


Coordinates of point B 
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- Incremental command 
Specify the distance from the previous tool position to the next tool 
position. 


e For milling machining 





Y-30.0 


Command specifying movement from G91 X40.0 Y-30.0 Z-10.0 ; 
point A to point B 





Distance and direction for 
movement along each axis 





e —- For lathe cutting 


Tool 


A 






-30.0 (diameter value) 







ees 
a 


Command specifying movement from point 
Ato point B 
U-30.0 W-40.0 


Distance and direction for movement 
along each axis 
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- Diameter programming / radius programming 
Dimensions of the X axis can be set in diameter or in radius. Diameter 
programming or radius programming is employed independently in 
each machine. 


1. Diameter programming 
In diameter programming, specify the diameter value indicated 
on the drawing as the value of the X axis. 


Coordinate values of points AandB =—_A(30.0, 80.0), B(40.0, 60.0) 








2. Radius programming 
In radius programming, specify the distance from the center of 
the workpiece, i.e. the radius value as the value of the X axis. 


80 


Coordinate values of points Aand B- A(15.0, 80.0), B(20.0, 60.0) 
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1.4 CUTTING SPEED - SPINDLE FUNCTION 


The speed of the tool with respect to the workpiece when the 
workpiece is cut is called the cutting speed. 

As for the CNC, the cutting speed can be specified by the spindle 
speed in min” unit. 


e ~—- For milling machining 





Tool 






Tool diameter 


Spindle speed N 6D mm 


min" 
V: Cutting speed 
m/min 


Workpiece 

















<When a workpiece should be machined with a tool 100 mm in 
diameter at a cutting speed of 80 m/min.> 
The spindle speed is approximately 250 min”, which is obtained from 
N=1000v/xzD. Hence the following command is required: 

S250; 
Commands related to the spindle speed are called the spindle speed 
function ( See II-9) . 


° For lathe cutting 





Tool 


Cutting speed 
v m/min 





Spindle speed 
Workpiece N mir” 





<When a workpiece 200 mm in diameter should be machined at a 
cutting speed of 300 m/min.> 
The spindle speed is approximately 478 min”, which is obtained from 
N=1000v/xzD. Hence the following command is required: 

S478 ; 
Commands related to the spindle speed are called the spindle speed 
function (See I-9). 
The cutting speed v (m/min) can also be specified directly by the 
speed value. Even when the workpiece diameter is changed, the CNC 
changes the spindle speed so that the cutting speed remains constant. 
This function is called the constant surface speed control function (See 
II-9.3). 
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1.5 SELECTION OF TOOL USED FOR VARIOUS MACHINING - 
TOOL FUNCTION 


Overview 
For each of various types of machining (such as drilling, tapping, 
boring, and milling for milling machining, or rough machining, 
semifinish machining, finish machining, threading, and grooving for 
lathe cutting), a necessary tool is to be selected. When a number is 
assigned to each tool and the number is specified in the program, the 
corresponding tool is selected. 


Examples 










Tool number 


ATC magazine 





Fig. 1.5 (a) Tool used for various machining 


<When No.01 is assigned to a drilling tool> 

When the tool is stored at location 01 in the ATC magazine, the tool 
can be selected by specifying T01. This is called the tool function (See 
I-10). 


Tool number 


Tool post 








Fig. 1.5 (b) Tool used for various machining 


<When No.01 is assigned to a roughing tool> 

When the tool is stored at location 01 of the tool post, the tool can be 
selected by specifying T0101. This is called the tool function (See II- 
10). 
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1.6 COMMAND FOR MACHINE OPERATIONS - AUXILIARY 
FUNCTION 


When a workpiece is actually machined with a tool, the spindle is 
rotated, coolant is supplied, and the chuck is opened/closed. So, 
control needs to be exercised on the spindle motor of the machine, 
coolant valve on/off operation, and chuck open/close operation. 


e For milling machining 










Spindle 
rotation 





Uv 


Workpiece 


Coolant on/off 








e For lathe cutting 











Coolant on/off 





Chuck open/close 


A 


Workpiece Spindle rotation 





Fig. 1.6 (a) Auxiliary function 


The function of specifying the on-off operations of the components of 
the machine is called the auxiliary function. In general, the function is 
specified by an M code (See II-11). 

For example, when M03 is specified, the spindle is rotated clockwise 
at the specified spindle speed. 
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1.7 PROGRAM CONFIGURATION 


A group of commands given to the CNC for operating the machine is 
called the program. By specifying the commands, the tool is moved 
along a straight line or an arc, or the spindle motor is turned on and off. 
In the program, specify the commands in the sequence of actual tool 


movements. 
Block 
Block 
Tool movement 
Block sequence 
Program Block 








Fig. 1.7 (a) Program configuration 








A group of commands at each step of the sequence is called the block. 
The program consists of a group of blocks for a series of machining. 
The number for discriminating each block is called the sequence 
number, and the number for discriminating each program is called the 
program number (See I-13). 
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Explanation 


- Block 


- Program 


PROGRAMMING 1.GENERAL 


The block and the program have the following configurations. 

















1 block 
Nxxxxx Gxx XXXX.X YXXX.X Mxx Sxx TXx 
\ JX J Ni Py ak JN ) 
‘ Y 7 Y ye ¥ iY * 
Sequence Preparatory Dimension word Auxiliary Spindle Tool 
number function function function function 


End of block 








Fig. 1.7 (b) Block configuration 


A block starts with a sequence number to identify the block and ends 
with an end-of-block code. 

This manual indicates the end-of-block code by ; (LF in the ISO code 
and CR in the EIA code). 

The contents of the dimension word depend on the preparatory 
function. In this manual, the portion of the dimension word may be 
represent as IP _. 





























XXXXX ; Program number 
Block 
Block 
Block 
M30 ; End of program 














Fig. 1.7 (c) Program configuration 





Normally, a program number is specified after the end-of-block (;) 
code at the beginning of the program, and a program end code (M02 
or M30) is specified at the end of the program. 
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- Main program and subprogram 

When machining of the same pattern appears at many portions of a 
program, a program for the pattern is created. This is called the 
subprogram. On the other hand, the original program is called the 
main program. When a subprogram execution command appears 
during execution of the main program, commands of the subprogram 
are executed. When execution of the subprogram is finished, the 
sequence returns to the main program. 


Main program 





Subprogram #1 





M98P1001 ae 
Y 
M99 











M98P1002 


Subprogram #2 


M98P1001 ies 


M99 

















Fig. 1.7 (d) Subprogram execution 
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1.8 TOOL MOVEMENT RANGE - STROKE 


Limit switches are installed at the ends of each axis on the machine to 
prevent tools from moving beyond the ends. The range in which tools 
can move is called the stroke. 





Machine zero point 






































Motor 









































Limit 
switch 















































Stroke area 





















































Besides strokes defined with limit switches, the operator can define an 
area which the tool cannot enter using a program or data in memory. 
This function is called stroke check (see III-6.3). 
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PROGRAMMING B-63944EN/02 
Motor 
| Limit 
switch 
































Machine zero point ho 





Specify these distances. 





















































Tools cannot enter this area. The 
area is specified by data in memory 
or a program. 
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2 





CONTROLLED AXES 


2.CONTROLLED AXES 


2.1 





Explanation 


Number of basic 
controlled axes 


Lathe system 


PROGRAMMING 


NUMBER OF CONTROLLED AXES 


B-63944EN/02 


The number of controlled axes used with this NC system depends on 


the model and system control type as indicated below. 


Series 307-A 
Series 3007-A 
Series 300is-A 


2 axes 


Series 31i-A5 
Series 310i-A5 
Series 310is-A5 


2 axes 


Series 317-A 
Series 3107-A 
Series 310is-A 


2 axes 


Series 32i-A 
Series 3207-A 
Series 320is-A 


2 axes 








Machining 
center system 


3 axes 


3 axes 


3 axes 


3 axes 





Controlled axes expansion (total) 
(including Cs axes and PMC axes) 


Max. 32 axes 


Max. 20 axes 


Max. 20 axes 


Max. 9 axes 





Basic simultaneously controlled axes 


(each path) 


2 axes 


2 axes 


2 axes 


2 axes 





Simultaneously controlled axes 
expansion (total / each path) 





Max. 24 axes 


NOTE 





Max. 12 axes 





Max. 12 axes 





Max. 5 axes 


1 The maximum number of controlled axes that can 
be used is limited depending on the option 
configuration. Refer to the manual provided by the 
machine tool builder for details. 

2 The number of simultaneously controllable axes for 
manual operation (jog feed, manual reference 
position return, or manual rapid traverse) is 1 or 3 
(1 when parameter JAX (No. 1002#0) is set to 0 
and 3 when it is set to 1). 
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2.2 NAMES OF AXES 


Explanation 
The move axes of machine tools are assigned names. These names are 
referred to as addresses or axis names. Axis names are determined 
according to the machine tool. The naming rules comply with 
standards such as the ISO standards. 
With complex machines, one character would become insufficient for 
representing axis names. So, up to three characters can be used for 
axis names. A move axis may be named "X", "X1", or "XA1". The 
first character of the three characters is called the first axis name 
character, the second character is called the second axis name 
character, and third character is called the third axis name character. 
Example) 
X A 1 


| es 3rd axis name character 


2nd axis name character 





1st axis name character 


NOTE 

1 Axis names are predetermined according to the 
machine used. Refer to the manual supplied by the 
machine tool builder. 


Since many ordinary machines use one character 
to represent each address, one-character 
addresses are used in the description in this 
manual. 
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2.3 INCREMENT SYSTEM 





Explanation 
The increment system consists of the least input increment (for input) 
and least command increment (for output). The least input increment 
is the least increment for programming the travel distance. The least 
command increment is the least increment for moving the tool on the 
machine. Both increments are represented in mm, inches, or deg. 
Five types of increment systems are available as indicated in Table 2.3 
(a). For each axis, an increment system can be set using a bit from bit 
0 to bit 3 (ISA, ISC, ISD, or ISE) of parameter No. 1013. 
When IS-D or IS-E is to be selected, the corresponding option is 
required. 


Table 2.3 (a) Increment system 


Name of increment : . Least command 
Least input increment : 
system increment 
IS-A 0.001 inch 0.001 inch 
0.01 deg 0.01 deg 
0.001 mm 0.001 mm 
IS-B 0.0001 inch 0.0001 inch 


0.00001 inch 0.00001 inch 
IS-D 
eg eg 


0.0000001 inch 0.0000001 inch 
0.000001 _ d 0.000001 d 


The least command increment is either metric or inch depending on 
the machine tool. Set metric or inch to the parameter INM 
(No.0100#0). 

For selection between metric and inch for the least input increment, G 
code (G20 or G21) or a setting parameter selects it. 

Combined use of the inch system and the metric system is not allowed. 
There are functions that cannot be used between axes with different 
unit systems (circular interpolation, cutter compensation, etc.). For the 
increment system, see the machine tool builder's manual. 





NOTE 

1 The unit (mm or inch) in the table is used for 
indicating a diameter value for diameter programming 
(when bit 3 (DIA) of parameter No. 1006 is set to 1) 


or a radius value for radius programming. 

Some increment systems are unavailable depending 
on the model. For details, refer to “Descriptions” (B- 
63942EN). 
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2.4 MAXIMUM STROKE 





Explanation 
The maximum stroke controlled by this CNC is shown in the table 
below: 
Maximum stroke = Least command increment x 99999999 
(999999999 for IS-D and IS-E) 
Commands that exceed the maximum stroke are not permitted. 


Table 2.4 (a) Maximum strokes 


Name of increment : : : 
Least input increment Maximum stroke 
system 


0.01 mm 
+99999.999 inch 

0.001 mm 
0.0001 _inch 
0.001 deg 
0.0001 mm 
0.00001 inch 


oO 
oO 
—_ 
Q 
is) 
(co) 





0.00001 _deg 
0.000001 _mm 
0.0000001 inch 
0.000001 __deg 


0.0001 deg +9999.9999 deg 


0.00001 mm +9999.99999 mm 
IS-D 


0.000001 _inch +999.999999 inch 





NOTE 

1 The actual stroke depends on the machine tool. 

2 The unit (mm or inch) in the table is used for 
indicating a diameter value for diameter 
programming (when bit 3 (DIA) of parameter No. 
1006 is set to 1) or a radius value for radius 
programming. 
Some increment systems are unavailable 
depending on the model. For details, refer to 
“Descriptions” (B-63942EN). 
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PREPARATORY FUNCTION (G 
FUNCTION) 





A number following address G determines the meaning of the 
command for the concerned block. 
G codes are divided into the following two types. 


| Type | Meaning 


Ouessheravesde The G cade is effective only in the block in which it 
is specified. 





The G code is effective until another G code of the 
Modal G code ‘ . 
same group is specified. 


(Example) 

G01 and G00 are modal G codes in group 01. 

G01 X_; 
Z_;>G01 is effective in this range. 
X_; 

G00 Z_ ;+G00 is effective in this range. 
xX_ i 

G01 X_; 





There are three G code systems in the lathe system : A, B, and C 
(Table 3.1(a)). Select a G code system using the parameters GSB and 
GSC (No. 340146 and #7). To use G code system B or C, the 
corresponding option is needed. Generally, User’s Manual describes 
the use of G code system A, except when the described item can use 
only G code system B or C. In such cases, the use of G code system B 
or C is described. 
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Explanation 


PROGRAMMING3. PREPARATORY FUNCTION (G FUNCTION 


When the clear state (parameter CLR (No. 3402#6)) is set at 
power-up or reset, the modal G codes are placed in the states 
described below. 

(1) The modal G codes are placed in the states marked with W 
as indicated in Table. 

(2) G20 and G21 remain unchanged when the clear state is set 
at power-up or reset. 

(3) Which status G22 or G23 at power on is set by parameter 
G23 (No. 3402#7). However, G22 and G23 remain 
unchanged when the clear state is set at reset. 

(4) The user can select GOO or GO! by setting parameter G01 
(No. 3402#0). 

(5) The user can select G90 or G91 by setting parameter G91 
(No. 3402#3). 

When G code system B or C is used in the lathe system, 
setting parameter G91 (No. 3402#3) determines which code, 
either G90 or G91, is effective. 

(6) In the machining center system, the user can select G17, 
G18, or G19 by setting parameters G18 and G19 (No. 
3402#1 and #2). 

G codes other than G10 and G11 are one-shot G codes. 

When a G code not listed in the G code list is specified, or a G 

code that has no corresponding option is specified, alarm PS0010 

occurs. 

Multiple G codes can be specified in the same block if each G 

code belongs to a different group. If multiple G codes that belong 

to the same group are specified in the same block, only the last G 

code specified is valid. 

If a G code belonging to group 01 is specified in a canned cycle 

for drilling, the canned cycle for drilling is cancelled. This means 

that the same state set by specifying G80 is set. Note that the G 

codes in group 01 are not affected by a G code specifying a 

canned cycle for drilling. 

G codes are indicated by group. 

The group of G60 is switched according to the setting of the 

parameter MDL (No. 5431#0). (When the MDL bit is set to 0, 

the 00 group is selected. When the MDL bit is set to 1, the 01 

group is selected.) 


When G code system A is used, absolute or incremental 
programming is specified not by a G code (G90/G91) but by an 
address word (X/U, Z/W, C/H, Y/V). Only the initial level is 
provided at the return point of the canned cycle for drilling.. 
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3.1 G CODE LIST IN THE MACHINING CENTER SYSTEM 





Table 3.1 (a) G code list 


G02 Circular interpolation CW or helical interpolation CW 

03 
G02.2, 603.2 
G02.3, G03.3 
G02.4, G03.4 
04 
05 


G05.1 Al contour control / Nano smoothing / Smooth interpolation 
G05.4 HRV3,4 on/off 


G06.2 | 01 __ [NURBS interpolation 
2 





Q 


Q/Q 





G Hypothetical axis interpolation 
Cylindrical interpolation 


07 
G07.1 (G107 
G08 

G09 





Al contour control (advanced preview control compatible command 


Exact stop 
Programmable data input 


S 
oO 


Tool retract and recover 


G10.6 
G10.9 


Programmable switching of diameter/radius specification 


G11 Programmable data input mode cancel 


G12.1 


olar coordinate interpolation mode 


G13.1 Polar coordinate interpolation cancel mode 
Polar coordinates command cancel 


Polar coordinates command 


XpYp plane selection Xp: X axis or its parallel axis 
ZpXp plane selection Yp: Y axis or its parallel axis 
'YpZp plane selection Zp: Z axis or its parallel axis 


Se eis 
O!OINID|[O 


nput in inch 
nput in mm 
Stored stroke check function on 
Stored stroke check function off 
pindle speed fluctuation detection off 
Spindle speed fluctuation detection on 
Reference position return check 
Automatic return to reference position 
Movement from reference position 
nd, 3rd and 4th reference position return 
loating reference position return 
kip function 
GB-axis skip 


Threading 

Variable lead threading 
Circular threading CW 
Circular threading CCW 
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G21 (G71 
G 


2 
G2 
G2 
2 
2 


2 
G26 
G 
G 
G 
G3 
G30.1 
G3 
G31.8 
G3 
G3 
G3 
G3 





2 
2 


) 
G20 (G70) 
) 
1 


01 

1 
17 
02 
04 
19 
00 
01 


3 
5 
7 
8 
) 
0 
3 
5 


4 
6 
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Table 3.1 (a) G code list 


Automatic tool length measurement 


Cutter or tool nose radius compensation : preserve vector 


Cutter or tool nose radius compensation : corner circular interpolation 
Cutter or tool nose radius compensation : cancel 
Three-dimensional cutter compensation : cancel 
Cutter or tool nose radius compensation : left 
G41 : . : 
Three-dimensional cutter compensation : left 
Ea ae Cutter compensation for 5-axis machining : left (type 1) 
G41.3 Cutter compensation for 5-axis machining : (leading edge offset 
Cutter compensation for 5-axis machining : left (type 1) (FS16i-compatible command) 
Cutter compensation for 5-axis machining : left (type 1) (FS16i-compatible command) 


G41.6 Cutter compensation for 5-axis machining : left (type 2) 
Cutter or tool nose radius compensation : right 
G : : : F 
Three-dimensional cutter compensation : right 
G42.2 Cutter compensation for 5-axis machining : right (type 1) 
G42.4 Cutter compensation for 5-axis machining : right (type 1) (FS16i-compatible command) 


G42.5 ) (FS16i-compatible command) 
G42.6 
G40.1 


G40 





ining : right (type 2 
ormal direction control cancel mode 
Normal direction control on : left 


G41.1 
G42.1 ormal direction control on : right 
ool length compensation + 


| cas 
2 Tool length compensation - 
G43.1 Tool length compensation in tool axis direction 
ool center point control (type 1) 
ool center point control (type 2) 


ool offset increase 

ool offset decrease 

ool offset double increase 

ool offset double decrease 

ool length compensation cancel 
Scaling cancel 
caling 
Programmable mirror image cancel 
Programmable mirror image 
olygon turning cancel 
Polygon turning 
Local coordinate system setting 
Machine coordinate system setting 
Tool axis direction control 


G54 (G54.1 Workpiece coordinate system 1 selection 


G 
G 
G Workpiece coordinate system 2 selection 
G 
G 
G 
G 


0/0 
Cyc 
sia 
O |O 
a [5 
Qo |9 
coma Te) 
3/3 
Oo |[O 
@O |® 
53 ]5D 
nn 
© | 
re pr 
Oo |O 
53 j5 
ole 
sa [5 
ag 
© | 
x |X 
nn 
3/3 
© |® 
foment) 
2. |=. 
2.|2 
53 ]5 
Qo |Q 
= 
(eo) 
=e 
> 
ogo 
< 
oO 
@O 
= 


Zz 
Oo 


= 
oO 


oO 
©Oo 





(2) 
00 


4 
4 
A 


G 
G 
G 
G 
G 
G 
G49 (G49.1) 
G 
G 
1) 


ie) 


11 
G50.1 22 
G51.1 
G50.2 34 


U 


G51.2 


G53.1 


| G55 

| Gases Workpiece coordinate system 3 selection 
| Gor Workpiece coordinate system 4 selection 
| Goss Workpiece coordinate system 5 selection 
| Gao Workpiece coordinate system 6 selection 
Single direction positioning 





2 
3 
4 
5 
6 
7 
8 
50 
51 
52 
53 
55 
56 
57 
58 
59 
60 
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Table 3.1 (a) G code list 


xact stop mode 


m 


apping mode 





G66.1 
| Ges Coordinate system rotation start or 3-dimensional coordinate conversion mode on 
"co Coordinate system rotation cancel or 3-dimensional coordinate conversion mode off 
| Ge82 eature coordinate system selection 
igure copy (rotation copy) 


) 


G68.2 


G72.1 


G72.2 


1) ) 71 ZlZJ=El=Zl(Ol/AlyS 
@ | | | |< <7 
2/8 /8 |g lz fs) 
Oo |9 JO Jo [3B 3 
33/3 |g [3 e | 
om om rom i— ro) 
a/A)/a 9 Oo 
@O/9 |} 12/818 
: a loalo 3 
oo |} ) 
=) |= so 
> |W\|> ° 
< 
w 0) 
9 3. 
3 o 
@ 


zu 
QO 
Cc 
s 
(0) 
e) 
{e) 
oO 
< 
i> 
=] 
0) 
» 
s 
ie) 
{e) 
oO 
< 





eft-handed tapping cycle 
ine boring cycle 


un el Bo 
0) 
fa) 
Q 
Q 
pea Pe 
= 
Ke) 
9) 
K< 
Qo 
o) 


O 
o 
J 
=) 
oy 
a. 
(3) 
K< 
a 
O 
re) 
0 
=) 
ra) 
oO 


G61 

G62 

G63 

G64 

G65 

G66 

G67 

G68 

G69 

G73 

lectronic gear box 2 pair: synchronization cancellation 

: lectronic gear box: synchronization cancellation 
G81 rilling cycle or spot boring cycle 
: hopping 

lectronic gear box 2 pair: synchronization start 

lectronic gear box: synchronization start 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 


| Group _| 
00 
12 
00 
09 
| oo 
| oo 
illing cycle or counter boring cycle 
eck drilling cycle 
| c84.2 | 
| oo 


G80.8 
G81.1 


DDO |a/s[v/o |m|(mloljol|m|m 
> 
© 


apping cycle 
Rigid tapping cycle (FS15 format) 
eft-handed rigid tapping cycle (FS15 format) 
oring cycle 
oring cycle 
ack boring cycle 
oring cycle 


G84.2 


G84.3 


jes) 


oring cycle 


> 
log 
n 
o 
c 
= 
@O 
oO 
ond 
fe) 
Ke} 
— 
» 
3 
3 
=) 
Ke} 


G 
G 
G 
G 
G 
G 
G 


ncremental programming 

Checking the maximum incremental amount specified 

etting for workpiece coordinate system or clamp at maximum spindle speed 
Workpiece coordinate system preset 

nverse time feed 

eed per minute 

eed per revolution 


G91.1 


G92.1 


ip) 


Canned cycle : return to initial level 


olar coordinate interpolation mode 
olar coordinate interpolation mode cancel 
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B-63944EN/02 


3.2 G CODE LIST IN THE LATHE SYSTEM 





Table 3.2 (a) G code list 


aaa La = ea a 
GOO 


Circular interpolation CCW or helical interpolation CCW 


Three-dimensional coordinate conversion CCW 

Dwell 

Al contour control (command compatible with high precision 
contour control) 

Al contour control / Nano smoothing / Smooth interpolation 


G06.2 


G07 G07 
(G107) (G107 (G107 

G08 
Gog 


) ) 
G11 

(G112) (G112) (G112) 

(G113) (G113) (G113) 
G15 
G16 
G17 
G18 
G19 
0 2 
1 2 
2 
2 


G10 
G10.6 
G10.9 


1 


G G20 
G G 

G G22 
G G23 
G G25 


2 
2 
22 
23 
25 
26 


G 


HRV3,4 on/off 


G06.2 G06.2 NURBS interpolation 


Hypothetical axis interpolation 


Cylindrical interpolation 


Polar coordinate interpolation mode 
21 
Polar coordinate interpolation cancel mode 


Polar coordinate command cancel 
Polar coordinate command 

XpYp plane selection 

ZpXp plane selection 

YpZp plane selection 

Input in inch 

Input in mm 

Stored stroke check function on 
Stored stroke check function off 


24 


Spindle speed fluctuation detection off 





Spindle speed fluctuation detection on 
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Table 3.2 (a) G code list 





G31 G31 G31 
(G44.7) | (G44.7 (G44.7) 





) 
G49 G49 G49 
(G49.1) | (G49.1) | (G49.1) 


Floating reference point return 
Skip function 


Circular threading CW 

Circular threading CCW (When the parameter G36 (No. 
3405#3) is set to 1) or Automatic tool offset (X axis) (When the 
parameter G36 (No. 3405#3) is set to 0) 

Automatic tool offset (Z axis) (When the parameter G36 (No. 
3405#3) is set to 0) 

Automatic tool offset (X axis) (When the parameter G36 (No. 
3405#3) is set to 1) 

Automatic tool offset (Z axis) (When the parameter G36 (No. 
3405#3) is set to 1 

Cutter compensation of tool nose radius compensation: with 
vector held 

Cutter compensation of tool nose radius compensation: corner 
rounding interpolation 


Cutter compensation of tool nose radius compensation : cancel 


Cutter compensation of tool nose radius compensation : left 
Cutter compensation for 5-axis machining : left (type 1) 

Cutter compensation for 5-axis machining : 

(leading edge offset) 

Cutter compensation for 5-axis machining : left (type 1) (FS16i- 
compatible command 

Cutter compensation for 5-axis machining : left (type 1) (FS16i- 
compatible command) 

Cutter compensation for 5-axis machining : left (type 2) 

Cutter compensation for 5-axis machining : right (type 1) (FS16i- 
compatible command) 

Cutter compensation for 5-axis machining : right (type 1) (FS16i- 
compatible command) 

Tool length compensation + 

Tool length compensation - 

Tool length compensation in tool axis direction 

Tool center point control (type 1) 

Tool center point control (type 2) 


Tool offset (lathe system ATC type) 


Tool length compensation cancel 
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Table 3.2 (a) G code list 


Coordinate system setting or max. spindle speed clamp 


Workpiece coordinate system preset 
Scaling cancel 
Scaling 


Programmable mirror image cancel 


Programmable mirror image 





Cale eol2 Gon2 Polygon turning cancel 
(G250) | (G250) | (G250) yg g 
G51.2 G51.2 G51.2 

(6251) | (G251) | (G251) 
G53.1 G53.1 


Fon | cory | (aoe | 
(G54.1) | (G54.1) | (G54.1) 


Polygon turning 





Local coordinate system setting 
Machine coordinate system setting 
Tool axis direction control 


Workpiece coordinate system 1 selection 


Workpiece coordinate system 2 selection 
Workpiece coordinate system 3 selection 
Workpiece coordinate system 4 selection 
Workpiece coordinate system 5 selection 
Workpiece coordinate system 6 selection 
Single direction positioning 

Exact stop mode 

Automatic corner override mode 

Tapping mode 

Cutting mode 


22 
= gor JI Macro call 


G52 G52 
G53 G5 

G54 G54 

G67 G6 

G68 G6 

9 


Macro modal call A 

Macro modal call B 

Macro modal call A/B cancel 

Mirror image on for double turret or balance cutting mode 
Coordinate system rotation start or 3-dimensional coordinate 
conversion mode on 

Feature coordinate system selection 


Mirror image off for double turret or balance cutting mode cancel 


Coordinate system rotation cancel or 3-dimensional coordinate 
conversion mode off 


Finishing cycle 


7 cor VP cor | 
| ces | cee | 


G69.1 G69.1 


3 
5 
7 
8 
) 
1 
5 
7 
8 
) 


LSA | 


G72.1 
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Table 3.2 (a) G code list 


ee 


G80 
Spot drilling (FS15-T format) 
Electronic gear box 2 pair: synchronization start 

28 


G81.8 G81.81 G81.8 Electronic gear box: synchronization start 
Counter boring (FS15-T format) 

Cycle for face drilling 

High-speed peck drilling cycle (FS15-T format) 
High-speed peck drilling cycle 

Peck drilling cycle 

Cycle for face tapping 

Rigid tapping cycle (FS15-T format) 

Cycle for face boring 


G85 85 
[esr | car _| car Cyele fr side ailing 
1 






High-speed peck drilling cycle 

Peck drilling cycle 

Cycle for side tapping 

Cycle for side boring 

Outer diameter/internal diameter cutting cycle 
Threading cycle 


| ces | G88 
| cso | G80 
ce 
| coz | G78 | 
| Gea | Gre | 

| G11 | Got | cota | 


G 
G 
G 
G 
G 2 
G 2 
G 2 
G91.1 
G 
G 
G 
G 
G 
G 
G 
G 


End face turning cycle 


| cos | cis | cae 
yp cor FF co FF cor 
| cos | G93 | G93 
| cos | coat cod 
y coo PF co Fc 
fF co FF coo | 
| cor | Ge 
| cos | cos 


Constant surface speed control 
Constant surface speed control cancel 


Inverse time feed 
05 Feed per minute 
Feed per revolution 


Absolute programming 

Incremental programming 

Canned cycle : return to initial level 
Canned cycle : return to R point level 


G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 
G 





85 
87 
88 
89 

0 

1 

4 
96 
97 
93 
94 
95 
90 
91 
98 
99 


88 
89 
17 
78 
79 
96 
97 
93 
94 
95 
90 
S) 

98 
99 


Ee 
ai 
ES 
a ee 
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INTERPOLATION FUNCTIONS 





Interpolation functions specify the way to make an axis movement (in 
other words, a movement of the tool with respect to the workpiece or 
table). 


SATs 


4. INTERPOLATION FUNCTIONS PROGRAMMING B-63944EN/02 


4.1 


POSITIONING (G00) 


The G00 command moves a tool to the position in the workpiece 
system specified with an absolute or an incremental command at a 
rapid traverse rate. 

In the absolute command, coordinate value of the end point is 
programmed. 

In the incremental command the distance the tool moves is 
programmed. 


Format 





G00 IP_; 
IP_: Foran absolute command, the coordinates of an end 
point, and for an incremental command, the distance 
the tool moves. 











Explanation 


Either of the following tool paths can be selected according to bit 1 

(LRP) of parameter No. 1401. 

e Nonlinear interpolation type positioning 
The tool is positioned with the rapid traverse rate for each axis 
separately. The tool path is normally straight. 

e _ Linear interpolation type positioning. The tool is positioned 
within the shortest possible time at a speed that is not more than 
the rapid traverse rate for each axis. 


Linear interpolation type positioning Start position 


End position 


Non linear interpolation type positioning 





The rapid traverse rate in GOO command is set to the parameter No. 
1420 for each axis independently by the machine tool builder. In the 
positioning mode actuated by G00, the tool is accelerated to a 
predetermined speed at the start of a block and is decelerated at the 
end of a block. Execution proceeds to the next block after confirming 
the in-position. 

"In-position " means that the feed motor is within the specified range. 
This range is determined by the machine tool builder by setting to 
parameter (No. 1826). 
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Limitation 
The rapid traverse rate cannot be specified in the address F. 
Even if linear interpolation type positioning is specified, nonlinear 
type interpolation positioning is used in the following cases. Therefore, 
be careful to ensure that the tool does not foul the workpiece. 
e G28 specifying positioning between the reference and 

intermediate positions. 

e = =G53 
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4.2 SINGLE DIRECTION POSITIONING (G60) 


For accurate positioning without play of the machine (backlash), final 
positioning from one direction is available. 


Overrun 


Start point 


Start point 


End point Temporary stop 





Format 
G60 IP_; 

IP_: For an absolute command, the coordinates of an end 
point, and for an incremental command, the distance 
the tool moves. 

Explanation 


An overrun and a positioning direction are set by the parameter (No. 
5440). Even when a commanded positioning direction coincides with 
that set by the parameter, the tool stops once before the end point. 
G60, which is an one-shot G-code, can be used as a modal G-code in 
group 01 by setting | to the parameter MDL (No. 5431#0). 

This setting can eliminate specifying a G60 command for every block. 
Other specifications are the same as those for an one-shot G60 
command. When an one-shot G code is specified in the single 
direction positioning mode, the one-shot G command is effective like 
G codes in group 01. 


(Example) 

When one-shot G60 commands are used. 
G90; 

G60 XOYO; Single direction positioning 
G60 X100; Single direction positioning 
G60 Y100; Single direction positioning 














G04 X10; 

G00 XOY0; 

When modal G60 command is used. 

G90G60; Single direction positioning mode start 
XOYO; Single direction positioning 

X100; Single direction positioning 

Y100; Single direction positioning 

G04X10; 








GO00X0 YO; Single direction positioning mode cancel 
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- Overview of operation 


e In the case of positioning of non-linear interpolation type (bit 
1 (LRP) of parameter No. 1401 = 0) 
As shown below, single direction positioning is performed 
independently along each axis. 





Programmed end point 


Programmed start point 








e In the case of positioning of linear interpolation type (bit 1 
(LRP) of parameter No. 1401 = 1) 
Positioning of interpolation type is performed until the tool once 
stops before or after a specified end point. Then, the tool is 
positioned independently along each axis until the end point is 
reached. 





Overrun distance in the Z-axis direction 


or 
+ jOverrun distance in the 
i -axis direction 


Programmed end point 























Programmed start point 








Limitation 

e Single direction positioning is not performed along an axis for 
which no overrun distance is set in parameter No. 5440. 

e Single direction positioning is not performed along an axis for 
which travel distance 0 is specified. 

e The mirror image function is not applied in a parameter-set 
direction. Even in the mirror image mode, the direction of single 
direction positioning remains unchanged. If positioning of linear 
interpolation type is used, and the state of mirror image when a 
single direction positioning block is looked ahead differs from 
the state of mirror image when the execution of the block is 
started, an alarm is issued. When switching mirror image in the 
middle of a program, disable looking ahead by specifying a 
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non-buffering M code. Then, switch mirror image when there is 
no look-ahead block. 
In the cylindrical interpolation mode (G07.1), single direction 
positioning cannot be used. 
In the polar coordinate interpolation mode (G12.1), single 
direction positioning cannot be used. 
When specifying single direction positioning on a machine that 
uses angular axis control, first position the angular axis then 
specify the positioning of the Cartesian axis. If the reverse 
specification order is used, or the angular axis and Cartesian axis 
are specified in the same block, an incorrect positioning direction 
can result. 
In positioning at a restart position by program restart function, 
single direction positioning is not performed. 


During canned cycle for drilling, no single direction positioning 
is effected in drilling axis. 

The single direction positioning does not apply to the shift 
motion in the canned cycles of G76 and G87. 


The G-code for single direction positioning is always G60, if 
G-code system is A or B or C in all case. 

The single direction positioning can not be commanded during 
the multiple repetitive cycle (G70-G76). 

No single direction positioning is effected in the drilling or 
patting axis, during canned cycle for drilling (G83-G89) and the 
rigid tapping (G84, G88). However, it can be commanded for 
positioning. 

The single direction positioning can not be commanded during 
the canned cycle (G90, G92, G94). 

During the single direction positioning mode (G60), the 
following G-code can not be commanded. 

G07.1, G12.1, G70-G76, G90-G94. 
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4.3 LINEAR INTERPOLATION (G01) 


Tools can move along a line. 





Format 
G01 IP_F_; 

_: Foran absolute command, the coordinates of an end 
point, and for an incremental command, the distance 
the tool moves. 

Speed of tool feed (Feedrate) 
Explanation 


A tools move along a line to the specified position at the feedrate 
specified in F. 

The feedrate specified in F is effective until a new value is specified. 
It need not be specified for each block. 

The feedrate commanded by the F code is measured along the tool 
path. If the F code is not commanded, the feedrate is regarded as zero. 
The feedrate of each axis direction is as follows. 


G01 oa BB yy Cc FF; 
Feed rate of a axis direction : Fa =oxf 


Feed rate of B axis direction : Ff = Pep 


Y 


Feed rate of y axis direction : Fy are 


Feed rate of € axis direction : F¢ = Sx f 








L=Ja?+B4774+l? 


The feedrate of the rotary axis is commanded in the unit of deg/min 
(the unit is decimal point position). 

When the straight line axis o (such as X, Y, or Z) and the rotating axis 
b (such as A, B, or C) are linearly interpolated, the feedrate is that in 
which the tangential feedrate in the a and § cartesian coordinate 
system is commanded by F(mm/min). 

B-axis feedrate is obtained ; at first, the time required for distribution 
is calculated by using the above formula, then the B-axis feedrate unit 
is changed to deg/min. 


ce 
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Example 
- Linear interpolation 





A calculation example is as follows. 

G91 G01 X20.0B40.0 F300.0 ; 

This changes the unit of the C axis from 40.0 deg to 40mm 
with metric input. The time required for distribution is 
calculated as follows: 


V¥20? +40? 
300 
The feedrate for the C axis is 


Os 
0.14907 


= 0.14907(mm) 


= 268.3 deg/ min 











In simultaneous 3 axes control, the feedrate is calculated the same way 
as in 2 axes control. 


e For milling machining 


(G91) GO1X200.0Y100.0F 200.0; 


Y axis 


(End point) 


0 (Start point) 





e For lathe cutting 





(Diameter programming) 
G01X40.0Z20.1F20; (Absolute command) 
or 
G01U20.0W-25.9F20; (Incremental command) 


X 
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- Feedrate for the rotary axis 


G91G01C-90.0 F300.0 ;Feed rate of 300deg/min 


O (Start point) 


O 
(End point) \ 
Feedrate is 300 deg/min 
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4.4 


Format 


CIRCULAR INTERPOLATION (G02, G03) 


The command below will move a tool along a circular arc. 





Arc in the XpYp plane 


G17 Oy Y; ae 
G03 oe Fl = 


Arc in the ZpXp plane 


Gig) ly. gg Pal 
G03? -“P-lR = 


Arc in the YpZp plane 


G02 J _K_ 
G19 Yp_ Zp - Fo; 





















































G03 R_ 
Command Description 
G17 Specification of arc on XpYp plane 
G18 Specification of arc on ZpXp plane 
G19 Specification of arc on YpZp plane 
G02 Circular Interpolation Clockwise direction (CW) 
G03 Circular Interpolation Counterclockwise direction (CCW) 
Xp Command values of X axis or its parallel axis 
- (set by parameter No. 1022) 
Yp Command values of Y axis or its parallel axis 
= (set by parameter No. 1022) 
Zp Command values of Z axis or its parallel axis 
(set by parameter No. 1022) 
| Xp axis distance from the start point to the center of an arc 
iv with sign 
J Yp axis distance from the start point to the center of an arc 
= with sign 
Zp axis distance from the start point to the center of an arc 
a with sign 
Arc radius (with sign, radius value for lathe cutting) 
F_ Feedrate along the arc 








NOTE 


The U-, V-, and W-axes can be used with G-codes 
B and C. 
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Explanation 


PROGRAMMING __4.INTERPOLATION FUNCTIONS 


- Direction of the circular interpolation 


- Distance moved on an arc 


"Clockwise"(G02) and "counterclockwise"(G03) on the XpYp plane 
(ZpXp plane or YpZp plane) are defined when the XpYp plane is 
viewed in the positive-to-negative direction of the Zp axis (Yp axis or 
Xp axis, respectively) in the Cartesian coordinate system. See the 
figure below. 


Y X Z 
G03 
G02 oN » 
xX Z Y 
G17 G18 G19 








The end point of an arc is specified by address Xp, Yp or Zp, and is 
expressed as an absolute or incremental value according to G90 or 
G91. For the incremental value, the distance of the end point which is 
viewed from the start point of the arc is specified with sign. 


- Distance from the start point to the center of arc 


- Command for a circle 


The arc center is specified by addresses I, J, and K for the Xp, Yp, and 
Zp axes, respectively. The numerical value following I, J, or K, 
however, is a vector component in which the arc center is seen from 
the start point, and is always specified as an incremental value 
irrespective of G90 and G91, as shown below. 


I, J, and K must be signed according to the direction. 


End point (x,y) End point (z,x) End point (y,z) 


‘ 
, 
y ‘ 
’ 
/ 
, 
xX @ 
’ 
/ + 
, 
, 
’ 
7 


Center Center Center 





10,JO, and KO can be omitted. 

If the difference between the radius at the start point and that at the 
end point exceeds the permitted value in a parameter (No.3410), an 
alarm PS0020 occurs. 


When Xp, Yp , and Zp are omitted (the end point is the same as the 
start point) and the center is specified with I, J, and K, a 360° arc 
(circle) is specified. 

G02 1; Command for a circle 


572 
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- Arc radius 


- Feedrate 





The distance between an arc and the center of a circle that contains the 
arc can be specified using the radius, R, of the circle instead of I, J, 
and K. 

In this case, one arc is less than 180°, and the other is more than 180° 
are considered. When an arc exceeding 180° is commanded, the radius 
must be specified with a negative value. If Xp, Yp, and Zp are all 
omitted, if the end point is located at the same position as the start 
point and when R is used, an arc of 0° is programmed 

G02R_; (The cutter does not move.) 


For arc <1> (less than 180°) 

G91 G02 XP60.0 YP55.0 R50.0 F300.0 ; 
For arc <2> (greater than 180°) 

G91 G02 XP60.0 YP55.0 R-50.0 F300.0 ; 


End point 


Start point 


The feedrate in circular interpolation is equal to the feedrate specified 
by the F code, and the feedrate along the arc (the tangential feedrate of 
the arc) is controlled to be the specified feedrate. 

The error between the specified feedrate and the actual tool feedrate is 
+2% or less. However, this feedrate is measured along the arc after the 
cutter compensation is applied 
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Limitation 

- Simultaneously specifying R with I, J, and K 
If I, J, K, and R addresses are specified simultaneously, the arc 
specified by address R takes precedence and the other are ignored. 


- Specifying an axis that is not contained in the specified plane 
If an axis not comprising the specified plane is commanded, an alarm 
PS0028 occurs. 
For example, 
For milling machining: 
If the X-axis and a U-axis parallel to the X-axis are specified when the 
XY plane is specified 
For lathe cutting: 
If the X-axis and a U-axis parallel to the X-axis are specified when the 
ZX plane is specified with G code system B or C 


- Specifying a semicircle with R 
When an arc having a center angle approaching 180° is specified, the 
calculated center coordinates may contain an error. In such a case, 
specify the center of the arc with I, J, and K. 


- Difference in the radius between the start and end points 
If the difference in the radius between the start and end points of the 
arc exceeds the value specified in parameter No. 3410, alarm PS0020 
is generated. 
If the end point is not on the arc, the tool moves in a straight line 
along one of the axes after reaching the end point. 
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Example 








50 
Vn 


90 120 140 














The above tool path can be programmed as follows ; 
(1) In absolute programming 
G92X200.0 Y40.0 ZO ; 
G90 G03 X140.0 Y100.0R60.0 F300.; 
G02 X120.0 Y60.0R50.0 ; 
or 
G92X200.0 Y40.0Z0 ; 
G90 G03 X140.0 Y100.0I-60.0 F300.; 
G02 X120.0 Y60.01-50.0 ; 
(2) In incremental programming 
G91 G03 X-60.0 Y60.0 R60.0 F300.; 
G02 X-20.0 Y-40.0 R50.0 ; 
or 
G91 G03 X-60.0 Y60.0 I-60.0 F300. ; 
G02 X-20.0 Y-40.0 I-50.0 ; 


- 60 - 


B-63944EN/02 


[| 





PROGRAMMING 


- Command of circular interpolation X, Z 


G02X_Z 1 KF; 


Center of arc 


(Absolute programming) 


G03X_Z_|_ KF; 


End point 
X-axis 


(Diameter 


4. INTERPOLATION FUNCTIONS 


G02X_Z RF; 


Center of 
_ Center of arc 


programming) 


(Absolute programming) 


_ End point 
X-axis 
(Diameter 
programming) 
Start point FO 


Start point , 
soesesrersecee -> Z-axis 


(Absolute programming) 


(Diameter programming) 
G02X50.0Z30.0125.0F0.3; or 
G02U20.0W-20.0125.0F0.3; or 
G02X50.0Z30.0R25.0F0.3 or 
G02U20.0W-20.0R25.F0.3; 
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4.5 HELICAL INTERPOLATION (G02, G03) 


Helical interpolation which moved helically is enabled by specifying 
up to two other axes which move synchronously with the circular 
interpolation by circular commands. 





Format 
Arc of XpYp plane 
Arc of YpZp plane 
G19 en Yp_Z aed (B_)F 
a. ; 
G03 poor R_ RIF L 
a, B: Any one axis where circular interpolation is not applied. 
Up to two other axes can be specified. 
Explanation 


A tangential velocity of an arc in a specified plane or a tangential 
velocity about the linear axis can be specified as the feedrate, 
depending on the setting of bit 5 (HTG) of parameter No. 1403. 

An F command specifies a feedrate along a circular arc, when HTG is 
specified to 0. Therefore, the feedrate of the linear axis is as follows: 


Length of linear axis 





F x 
Length of circular arc 


Determine the feedrate so the linear axis feedrate does not exceed any 
of the various limit values. 
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Tool path 


The feedrate along the circumference of two circular 
interpolated axes is the specified feedrate. 





If HTG is set to 1, specify a feedrate along the tool path about the 
linear axis. Therefore, the tangential velocity of the arc is expressed 
as follows: 


Length of arc 





F 





x 
/ (Length of arc)* + (Length of linear axis)” 


The velocity along the linear axis is expressed as follows: 


Length of linear axis 





F 





x 
1/ (Length of arc)? + (Length of linear axis)” 








The feedrate along the tool path is specified. 








Limitation 
e Cutter compensation or tool nose radius compensation is applied 
only for a circular arc. 
e Tool offset and tool length compensation cannot be used in a block 
in which a helical interpolation is commanded. 
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4.6 HELICAL INTERPOLATION B (G02, G03) 


The helical interpolation B function differs from the helical 
interpolation function just in that circular interpolation and a 
movement on four axes outside the specified plane can be 
simultaneously performed. 

For the restrictions and parameters, see the description of the helical 
interpolation function. 


Format 





Arc in the XpYp plane 


G17 pe Xp_Y |_J_ ee ee 
ns p_Yp_ R a_B_y_6_F_; 


Arc in the ZpXp plane 
G18 hea Zp_X SS B 6__F_; 
Gia). Re ee 


Arc in the YpZp plane 


G19 oe Yp_z J_K_ 5 F: 
Ga p_Zp_ R a_B_y_6_F_; 


a, B, y, 8: Any axis to which circular interpolation is not applied. 
Up to four axes can be specified. 
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4.7 SPIRAL INTERPOLATION, CONICAL INTERPOLATION 
(G02, G03) 





Spiral interpolation is enabled by specifying the circular interpolation 
command together with a desired number of revolutions or a desired 
increment (decrement) for the radius per revolution. 

Conical interpolation is enabled by specifying the spiral 
interpolation command together with an additional axis of movement, 
as well as a desired increment (decrement) for the position along the 
additional axes per spiral revolution. 


Format 
- Spiral interpolation 














XpYp plane 
[ Go2 | 
G17 4 r X_Y_I J Q L F_; 
G03 
ZpXp plane 
[ Go2 | 
G18 4 r ZX K_I Q L F_; 
| G03 | 
YpZp plane 
( Go2 | 
G19 ¢ > YZ J K QL F_; 
G03 








X, Y,Z: Coordinates of the end point 

L : Number of revolutions (positive value without a decimal point) 
(*1) 

Q : Radius increment or decrement per spiral revolution (*1, *2) 

I, J, K : Signed distance from the start point to the center (same as 
the distance specified for circular interpolation) 

F : Feedrate 


(*1) | Either the number of revolutions (L) or the radius increment or 
decrement (Q) can be omitted. When L is omitted, the number of 
revolutions is automatically calculated from the distance between 
the current position and the center, the position of the end point, 
and the radius increment or decrement. When Q is omitted, the 
radius increment or decrement is automatically calculated from 
the distance between the current position and the center, the 
position of the end point, and the number of revolutions. If both L 
and Q are specified but their values contradict, Q takes 
precedence. Generally, either L or Q should be specified. The L 
value must be a positive value without a decimal point. To 
specify four revolutions plus 90°, for example, round the number 
of revolutions up to five and specify L5. 

(*2) The increment system for Q depends on the reference axis. 
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- Conical interpolation 





XpYp plane 


ei G02 
‘ G03 


ZpXp plane 


G02 
G18 (ee 


YpZp plane 


G19 oe 
G03 


Coordinates of the end point 
Number of revolutions (positive value without a decimal point) 
(*1) 
Radius increment or decrement per spiral revolution (*1, *2) 
Two of the three values represent a signed vector from the start 
point to the center. The remaining value is a height increment or 
decrement per spiral revolution in conical interpolation. (*1) 
When the XpYp plane is selected: 
The | and J values represent a signed vector from the start 
point to the center. 
The K value represents a height increment or decrement per 
spiral revolution. 
When the ZpXp plane is selected: 
The K and | values represent a signed vector from the start 
point to the center. 
The J value represents a height increment or decrement per 
spiral revolution. 
When the YpZp plane is selected: 
The J and K values represent a signed vector from the start 
point to the center. 
The | value represents a height increment or decrement per 
spiral revolution. 

F : Feedrate (The tangential velocity about the linear axis is 

specified.) 

(*1) One of the height increment/decrement (I, J, K), radius 
increment/decrement (Q), and the number of revolutions (L) must be 
specified. The other two items can be omitted. 

e Sample command for the XpYp plane 


K 


G02 = 
G17 G03 | X_Y_ILJ_Z_ a F_; 


If both L and Q are specified, but their values contradict, Q takes 
precedence. If both L and a height increment or decrement are 
specified, but their values contradict, the height increment or 
decrement takes precedence. If both Q and a height increment or 
decrement are specified, but their values contradict, Q takes 
precedence. The L value must be a positive value without a decimal 
point. To specify four revolutions plus 90°, for example, round the 
number of revolutions up to five and specify L5. 
(*2) The increment system for Q depends on the reference axis. 
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Explanation 
- Function of spiral interpolation 
Spiral interpolation in the XY plane is defined as follows: 
(X-X,)’ +(Y¥-Y,)’ = (R+Q')’ 
Xo: X coordinate of the center 
Yo: Y coordinate of the center 


R: Radius at the beginning of spiral interpolation 
Q': Variation in radius 


When the programmed command is assigned to this function, the 
following expression is obtained: 


0 


(X-X,-I?+(V-Y,-J* =R+@+—)oy 
360 
where 
Xs: X coordinate of the start point 
Ys: Y coordinate of the start point 
I : X coordinate of the vector from the start point to the 
center 
J : Y coordinate of the vector from the start point to the 
center 


R_: Radius at the beginning of spiral interpolation 

Q: Radius increment or decrement per spiral revolution 

L': (Current number of revolutions) - 1 

8 : Angle between the start point and the current position 
(degrees) 


- Controlled axes 


For conical interpolation, two axes of a plane and two additional axes, 
that is, four axes in total, can be specified. A rotary axis can be 
specified as the additional axis. 
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- Difference between end points 

If the difference between the programmed end point and the calculated 
end point of a spiral exceeds a value specified in parameter No. 3471 
about any axis of a selected plane, an alarm PS5123 will be issued. 

If the difference between the programmed height and calculated height 
of the end point a cone exceeds a value specified in parameter No. 
3471, an alarm PS5123 will be issued. The figure below illustrates 
details. 




















Q-20. 
G90 G02 XO Y-33.5 10 J-100. LA F300; 


The coordinates of the programmed end point are (0, -33.5) while the coordinates of 
the calculated end point are (0, -30.0). A value greater than the difference (a: 
Tolerance) is specified in parameter No. 3471. If the end point is exceeded, an alarm 
PS5123 will be issued. The same is specified for the height of conical interpolation. 
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- Cutter compensation 


- Actual cutting feedrate 





PROGRAMMING _4.INTERPOLATION FUNCTIONS 


The spiral or conical interpolation command can be programmed in 
cutter compensation mode. This compensation is performed in the 
same way as described in "When it is exceptional" in "Tool Movement 
in Offset Mode" section. A virtual circle centered on the center of 
spiral interpolation is thought at the end of a block. The tool path is 
obtained by performing cutter compensation along the virtual circle 
and the blocks before and after the spiral interpolation. When the end 
point of the block is at the center of the spiral interpolation, no virtual 
circle can be drawn. If drawing is attempted, an alarm PS5124 is 
issued. 


uyed 19]}U99 |0O 1, 


Programmed spiral 


interpolation 





After cutter 
compensation 








Center 





A constant speed is maintained in spiral interpolation or conical 
interpolation. The angular velocity near the center, however, may 
increase because of the small radius of the spiral. This can be avoided 
by maintaining the angular velocity after the radius of the spiral 
reaches a value specified in parameter No. 3472. Consequently, the 
actual cutting feedrate decreases. 

An example is illustrated below. 








15 Specified feedrate: F100. 
: Parameter 3472 (r) = 1.000 
IS-B 


While the radius of the spiral shown 
at the left is greater than the value 
specified in parameter No. 3472, the 
actual cutting feedrate is F100. As 
the radius decreases, the actual 


r feedrate also decreases, the actual 
feedrate near the end point being 
-0.5 about F65. 
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- Deceleration by acceleration 


Dry run 


Limitation 


[7 | 


Radius 





Feed functions 


Retrace 


During spiral interpolation, the function of deceleration by 
acceleration is enabled. The feedrate may decrease as the tool 
approaches the center of the spiral. 


When the dry run signal is inverted from 0 to 1 or from | to 0 during 
movement along an axis, the movement is accelerated or decelerated 
to the desired speed without first reducing the speed to zero. 


In spiral or conical interpolation, R for specifying an arc radius and C 
or R for specifying optional-angle chamfering or comer rounding 
cannot be specified. 


The functions of feed per rotation, inverse time feed, F command with 
one digit, and automatic corner override cannot be used. 


A program including spiral or conical interpolation cannot be retraced. 


Polar coordinate interpolation, scaling, and normal direction control 


Optional function 


Spiral interpolation and conical interpolation cannot be specified in 
these modes. 


To use the conical interpolation function, the optional function for 
helical interpolation is also necessary. 


-70- 


B-63944EN/02 


Example 
- Spiral interpolation 


PROGRAMMING _4.INTERPOLATION FUNCTIONS 


The path indicated below is programmed with absolute and 
incremental values as follows: 






-120 -100 100 120 X axis 








This sample path has the following values: 


e Start point : (0, 100.0) 
e End point (X, Y) : (0, -30.0) 
e Distance to the center (I, J) : (0, -100.0) 
e Radius increment or decrement (Q): -20.0 

e Number of revolutions (L) : 4, 


(1) With absolute values, the path is programmed as follows: 


Q-20.0 
G90 G02 X0 Y-30.0 I0 J-100.0 ty F300.; 


(2) With incremental values, the path is programmed as follows: 
Q-20.0 
G91 G02 X0 Y-130.0 I0 J-100.0 LA F300.; 


(Either the Q or L setting can be omitted.) 
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- Conical interpolation 


The sample path shown below is programmed with absolute and 
incremental values as follows: 












(0,-37.5,62.5) 





25.0| 25.0 


| 25.0 

















This sample path has the following values: 


e Start point : (0, 100.0, 0) 

e End point (X, Y, Z) > (0, -37.5, 62.5) 
e Distance to the center (I, J) : (0, -100.0) 

e Radius increment or decrement (Q): -25.0 

e Height increment or decrement (K) : 25.0 

e Number of revolutions (L) 23 


(1) With absolute values, the path is programmed as follows: 


K25.0 
Q-25.0 
L3 


G90 G02 X0 Y-37.5 Z62.5 10 J-100.0 F300.; 


(2) With incremental values, the path is programmed as follows: 


K25.0 
G91 G02 X0 Y-137.5 Z62.5 10 J-100.0 Q-25.0 F300.; 
L3 


(Either the Q or L setting can be omitted.) 
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4.8 POLAR COORDINATE INTERPOLATION (G12.1, G13.1) 


Overview 
Polar coordinate interpolation is a function that exercises contour 
control in converting a command programmed in a Cartesian 
coordinate system to the movement of a linear axis (movement of a 
tool) and the movement of a rotary axis (rotation of a workpiece). 
This function is useful for grinding a cam shaft. 


Format 





G12.1; Starts polar coordinate interpolation mode (enables polar 
coordinate interpolation) 
Specify linear or circular interpolation using coordinates in a 
Cartesian coordinate system consisting of a linear axis and rotary 
axis (hypothetical axis). 

G13.1 Polar coordinate interpolation mode is cancelled (for not 
performing polar coordinate interpolation) 

Specify G12.1 and G13.1 in Separate Blocks. 











Explanation 


- Polar coordinate interpolation mode (G12.1) 
The axes of polar coordinate interpolation (linear axis and rotary axis) 
should be specified in advance, with corresponding parameters. 
Specifying G12.1 places the system in the polar coordinate 
interpolation mode, and selects a plane (called the polar coordinate 
interpolation plane) formed by one linear axis and a hypothetical axis 
intersecting the linear axis at right angles. The linear axis is called 
the first axis of the plane, and the hypothetical axis is called the 
second axis of the plane. Polar coordinate interpolation is performed 
in this plane. 
In the polar coordinate interpolation mode, both linear interpolation 
and circular interpolation can be specified by absolute or incremental 
programming. 
Cutter compensation can also be performed. The polar coordinate 
interpolation is performed for a path obtained after cutter 
compensation. 
The tangential velocity in the polar coordinate interpolation plane 
(Cartesian coordinate system) is specified as the feedrate, using F. 


- Polar coordinate interpolation cancel mode (G13.1) 
Specifying G13.1 cancels the polar coordinate interpolation mode. 
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- Polar coordinate interpolation plane 
G12.1 starts the polar coordinate interpolation mode and selects a 
polar coordinate interpolation plane (Fig. 4.8 (a)). Polar coordinate 
interpolation is performed on this plane. 


Rotary axis (virtual axis) 
(unit: mm or inch) 


Linear axis 
(unit: mm or inch) 


Origin of the local coordinate system (G52 command) 
(Or origin of the workpiece coordinate system) 





Fig. 4.8 (a) Polar coordinate interpolation plane 


When the power is turned on or the system is reset, polar coordinate 
interpolation is canceled (G13.1). 

The linear and rotation axes for polar coordinate interpolation must be 
set in parameters (No. 5460 and 5461) beforehand. 


/\ CAUTION 
The plane used before G12.1 is specified (plane 
selected by G17, G18, or G19) is canceled. It is 
restored when G13.1 (canceling polar coordinate 


interpolation) is specified. 

When the system is reset, polar coordinate 
interpolation is canceled and the plane specified by 
G17, G18, or G19 is used. 





- Distance moved and feedrate for polar coordinate interpolation 

e The unit for coordinates on the hypothetical axis is the same as 
the unit for the linear axis (mm/inch). 
In the polar coordinate interpolation mode, program commands 
are specified with Cartesian coordinates on the polar coordinate 
interpolation plane. The axis address for the rotary axis is used as 
the axis address for the second axis (hypothetical axis) in the 
plane. Whether a diameter or radius is specified for the first 
axis in the plane is the same as for the rotary axis regardless of 
the specification for the first axis in the plane. 
The hypothetical axis is at coordinate 0 immediately after G12.1 
is specified. Polar interpolation is started assuming the rotation 
angle of 0 for the position of the tool when G12.1 is specified. 
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Example) 

When a value on the X-axis (linear axis) is input in 

millimeters 

G12.1; 

GO1 X10. F1000.;.....A 10-mm movement is made on the 
Cartesian coordinate system. 

C20 Siravens earn tages: A 20-mm movement is made on the 
Cartesian coordinate system. 

G13.1; 


When a value on the X-axis (linear axis) is input in inches 

G12.1; 

GO1 X10. F1000.; ...A 10-inch movement is made on the 
Cartesian coordinate system. 

C20 Silden tek A 20-inch movement is made on the 
Cartesian coordinate system. 

G13.1; 


e ~=—- The unit for the feedrate is mm/min or inch/min. 
Specify the feedrate as a speed (relative speed between the 
workpiece and tool) tangential to the polar coordinate 
interpolation plane (Cartesian coordinate system) using F. 


- G codes which can be specified in the polar coordinate interpolation mode 


GOT a aisecdaanection Linear interpolation 
G02, GO3....... ee Circular interpolation 
G02.2, G03.2......... Involute interpolation 
GOS Sein ce etek: Dwell, Exact stop 


G40, G41, G42......Cutter compensation 
(Polar coordinate interpolation is applied to the 
path after cutter compensation.) 
G65, G66, G67...... Custom macro command 
G90, GOL... Absolute command, incremental command 
G94, G95... eee Feed per minute, feed per revolution 


- Circular interpolation in the polar coordinate plane 

The addresses for specifying the radius of an arc for circular 

interpolation (G02 or G03) in the polar coordinate interpolation plane 

depend on the first axis in the plane (linear axis). 

e and J in the Xp-Yp plane when the linear axis is the X-axis or 
an axis parallel to the X-axis. 

e J and K in the Yp-Zp plane when the linear axis is the Y-axis or 
an axis parallel to the Y-axis. 

e  K and I in the Zp-Xp plane when the linear axis is the Z-axis or 
an axis parallel to the Z-axis. 

The radius of an arc can be specified also with an R command. 


NOTE 


In a lathe system, the parallel axes U, V, and W 
can be used in the G code system B or C. 
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- Movement along axes not in the polar coordinate interpolation plane in the polar 
coordinate interpolation mode 
The tool moves along such axes normally, independent of polar 
coordinate interpolation. 


- Current position display in the polar coordinate interpolation mode 
Actual coordinates are displayed. However, the remaining distance 
to move in a block is displayed based on the coordinates in the polar 
coordinate interpolation plane (Cartesian coordinates). 


- Coordinate system for the polar coordinate interpolation 
Basically, before G12.1 is specified, a local coordinate system (or 
workpiece coordinate system) where the center of the rotary axis is the 
origin of the coordinate system must be set. 


- Compensation in the direction of the hypothetical axis in polar coordinate 
interpolation 
If the first axis of the plane has an error from the center of the rotary 
axis in the hypothetical axis direction, in other words, if the rotary 
axis center is not on the X-axis, the hypothetical axis direction 
compensation function in the polar coordinate interpolation mode is 
used. With the function, the error is considered in polar coordinate 
interpolation. The amount of error is specified in parameter No. 5464. 


Hypothetical axis (C-axis) 


Rotation axis 


(X, C) 


: direction of 
vhypothetifal axis (P) 


Center of rotary axis ‘ 


Point in the X-C plane (The center of the rotary axis is 
considered to be the origin of the X-C plane.) 

X coordinate in the X-C plane 

Hypothetical axis coordinate in the X-C plane 

Error in the direction of the hypothetical axis 
(specified in parameter No. 5464) 
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- Shifting the coordinate system in polar coordinate interpolation 


Limitation 


In the polar coordinate interpolation mode, the workpiece coordinate 
system can be shifted. The current position display function shows the 
position viewed from the workpiece coordinate system before the shift. 
The function to shift the coordinate system is enabled when bit 2 of 
parameter No. 5450 is specified accordingly. 

The shift can be specified in the polar coordinate interpolation mode, 
by specifying the position of the center of the rotary axis C (A, B) in 
the X-C (Y-A, Z-B) interpolation plane with reference to the origin of 
the workpiece coordinate system, in the following format. 





G12.1 X_C_; (Polar coordinate interpolation for the X-axis and C-axis) 
G12.1 Y_A_; (Polar coordinate interpolation for the Y-axis and A-axis) 
G12.1Z_B_; (Polar coordinate interpolation for the Z-axis and B-axis) 


















G12.1 Xx Cc ; 


® Center of C-axis 





Origin of workpiece 
coordinate system 








- Changing the coordinate system during polar coordinate interpolation 


In the G12.1 mode, the coordinate system must not be changed (G92, 
G52, GS3, relative coordinate reset, G54 through G59, etc.). 


- Cutter or tool nose radius compensation 


The polar coordinate interpolation mode (G12.1 or G13.1) cannot be 
started or terminated in the cutter or tool nose radius compensation 
mode (G41 or G42). G12.1 or G13.1 must be specified in the cutter 
or tool nose radius compensation canceled mode (G40). 


- Tool length offset command 


- Tool offset command 


Tool length offset must be specified in the polar coordinate 
interpolation cancel mode before G12.1 is specified. It cannot be 
specified in the polar coordinate interpolation mode. Furthermore, no 
offset values can be changed in the polar coordinate interpolation 
mode. 


A tool offset must be specified before the G12.1 mode is set. No 
offset can be changed in the G12.1 mode. 
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- Program restart 
For a block in the G12.1 mode, the program and the block cannot be 
restarted. 


- Cutting feedrate for the rotary axis 

Polar coordinate interpolation converts the tool movement for a figure 
programmed in a Cartesian coordinate system to the tool movement in 
the rotary axis (C-axis) and the linear axis (X-axis). When the tool 
comes close to the center of the workpiece, the C-axis velocity 
component increases. Ifthe maximum cutting feedrate for the C-axis 
(parameter No. 1430) is exceeded, the automatic feedrate override 
function and automatic speed clamp function are enabled. 

If the maximum cutting feedrate for the X-axis is exceeded, the 
automatic feedrate override function and automatic speed clamp 
function are enabled. 


Z\ WARNING 

1 Consider lines L1, L2, and L3. AX is the distance the tool moves per time unit at the 
feedrate specified with address F in the Cartesian coordinate system. As the tool 
moves from L1 to L2 to L3, the angle at which the tool moves per time unit 
corresponding to AX in the Cartesian coordinate system increases from 01 to 02 to 
03. In other words, the C-axis component of the feedrate becomes larger as the 
tool moves closer to the center of the workpiece. The C component of the feedrate 
may exceed the maximum cutting feedrate for the C-axis because the tool 
movement in the Cartesian coordinate system has been converted to the tool 
movement for the C-axis and the X-axis. 





L: Distance (in mm) between the tool center and workpiece center when the tool 
center is the nearest to the workpiece center 

R: Maximum cutting feedrate (deg/min) of the C axis 

Then, a speed specifiable with address F in polar coordinate interpolation can be 

given by the formula below. If the maximum cutting feedrate for the C-axis is 

exceeded, the automatic speed control function for polar coordinate interpolation 

automatically controls the feedrate. 


F<LxRx — (mm/min) 
180 


The following function cannot be used for the rotary axis of polar coordinate 
interpolation. 
e Index table indexing function 
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- Automatic speed control for polar coordinate interpolation 


- Automatic override 


- Automatic speed clamp 


If the velocity component of the rotary axis exceeds the maximum 
cutting feedrate in the polar coordinate interpolation mode, the speed 
is automatically controlled. 


If the velocity component of the rotary axis exceeds the permissible 
velocity (maximum cutting feedrate multiplied by the permission 
factor specified in parameter No. 5463), the feedrate is automatically 
overridden as indicated below. 

Override = (Permissible velocity) + (Velocity component of rotary 
axis) x 100(%) 


If the velocity component of the rotary axis after automatic override 
still exceeds the maximum cutting feedrate, the speed of the rotary 
axis is automatically clamped. As a result, the velocity component of 
the rotary axis will not exceed the maximum cutting feedrate. 

The automatic speed clamp function works only when the center of 
the tool is very close to the center of the rotary axis. 


[Example] 
G90 G00 X10.0 CO. ; 
G12.1 ; 


G01 CO0.1 F1000 ; 
X-10.0: 
G13.1 ; 





Automatic speed control for polar coordinate interpolation 


Suppose that the maximum cutting feedrate of the rotary axis is 360 
(3600 deg/min) and that the permission factor of automatic override 
for polar coordinate interpolation (parameter No. 5463) is 0 (90%). 
If the program indicated above is executed, the automatic override 
function starts working when the X coordinate becomes 2.273 (point 
A). The automatic speed clamp function starts working when the X 
coordinate becomes 0.524 (point B). 

The minimum value of automatic override for this example is 3%. 
The automatic speed clamp function continues working until the X 
coordinate becomes -0.524 (point C). Then, the automatic override 
function works until the X coordinate becomes -2.273 (point D). 

(The coordinates indicated above are the values in the Cartesian 
coordinate system.) 
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NOTE 

1 While the automatic speed clamp function is 
working, the machine lock or interlock function may 
not be enabled immediately. 
If a feed hold stop is made while the automatic 


speed clamp function is working, the automatic 
operation halt signal is output. However, the 
operation may not stop immediately. 

3 The clamped speed may exceed the clamp value 
by a few percent. 
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Example 
Sample program for polar coordinate interpolation in a Cartesian 
coordinate system consisting of the X-axis (a linear axis) and a 
hypothetical axis 








Hypothetical axis 


Path after cutter compensation 


Program path 


7 
N208 mt 
N206 
N207 








0001; 

Nol0 T0101 

N0100 G90 G00 X60.0 CO Z_; Positioning to start point 

N0200 G12.1; Start of polar coordinate interpolation 
N0201 G42 GOI X20.0F_; ~] 

N0202 C10.0; 

N0203 G03 X10.0 C20.0 R10.0; 

N0204 G01 X-20.0; Gsonetaiorarin 

N0205 C-10.0; |__ _ (program based on cartesian 
N0206 G03 X-10.0 C-20.0 110.0 JO; coordinates on X 

N0207 GOI X20.0; axis-hypothetical axis plane) 
N0208 CO; 

N0209 G40 X60.0; | 

N0210 G13.1; Cancellation of polar coordinate 
N0300 Z_: interpolation 

N0400 X__C_; 

N0900M30; 
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4.9 CYLINDRICAL INTERPOLATION (G07.1) 


In cylindrical interpolation, the amount of movement of a rotary axis 
specified by angle is converted to the amount of movement on the 
circumference to allow linear interpolation and circular interpolation 
with another axis. 

Since programming is enabled with the cylinder side face expanded, 
programs such as a program for grooving cylindrical cams can be 
created very easily. 














Format 
G07.1 IP r; Starts the cylindrical interpolation mode 
(enables cylindrical interpolation). 
G07.1 IP 0; The cylindrical interpolation mode is 
cancelled. 
IP : An address for the rotary axis 
r: The radius of the workpiece 
Specify GO7.1 IPr ; and GO7.1 IPO; in separate blocks. 
G107 can be used instead of G07.1. 
Explanation 


- Plane selection (G17, G18, G19) 
To specify a G code for plane selection, set the rotary axis in 
parameter No. 1022 as a linear axis that is one of the basic three axes 
of the basic coordinate system or an axis parallel to one of the basic 
axes. For example, when rotary axis C-axis is assumed to be parallel 
to the X-axis, specifying G17, axis address C, and Y at the same time 
can select a plane formed by the C-axis and Y-axis (the Xp-Yp plane). 


Gg 





NOTE 


The U-, V-, and W-axes can be used with G-codes 
B and C. 





- Feedrate 


A feedrate specified in the cylindrical interpolation mode is the 
feedrate on the circumference. 
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- Circular interpolation (G02,G03) 
Circular interpolation can be performed between the rotary axis set for 
cylindrical interpolation and another linear axis. Radius R is used in 
commands in the same way as described. 
The unit for a radius is not degrees but millimeters (for metric input) 
or inches (for inch input). 


<Example Circular interpolation between the Z axis and C axis> 

For the C axis of parameter (No.1022), 5 (axis parallel with 
the X axis) is to be set. In this case, the command for 
circular interpolation is 

G18 ZC ; 

G02 (G03) Z_C_R_; 
For the C axis of parameter (No.1022), 6 (axis parallel with 
the Y axis) may be specified instead. In this case, however, 
the command for circular interpolation is 

G19C _Z ; 

G02 (G03) Z_C_R_; 


- Cutter or tool nose radius compensation 
To perform cutter or tool nose radius compensation in the cylindrical 
interpolation mode, cancel any ongoing cutter or tool nose radius 
compensation mode before entering the cylindrical interpolation mode. 
Then, start and terminate cutter or tool nose radius compensation 
within the cylindrical interpolation mode. 


- Cylindrical interpolation accuracy 
In the cylindrical interpolation mode, the amount of travel of a rotary 
axis specified by an angle is once internally converted to a distance of 
a linear axis on the outer surface so that linear interpolation or circular 
interpolation can be performed with another axis. After interpolation, 
such a distance is converted back to an angle. For this conversion, the 
amount of travel is rounded to a least input increment. 
So when the radius of a cylinder is small, the actual amount of travel 
can differ from a specified amount of travel. Note, however, that 
such an error is not accumulative. 
If manual operation is performed in the cylindrical interpolation mode 
with manual absolute on, an error can occur for the reason described 
above. 
The actual amount of travel = 


| MOTION EY. spose vex ae | 


2x 27aR MOTION REV 
MOTION REV: The amount of travel per rotation of the rotary axis 
(360°) 
R: Workpiece radius 
[ | : Rounded to the least input increment 
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Limitation 


- Arc radius specification in the circular interpolation 


- Positioning 


In the cylindrical interpolation mode, an arc radius cannot be specified 
with word address I, J, or K. 


In the cylindrical interpolation mode, positioning operations 
(including those that produce rapid traverse cycles such as G28, G53, 
G73, G74, G76, G80 to G89) cannot be specified. Before 
positioning can be specified, the cylindrical interpolation mode must 
be cancelled. Cylindrical interpolation (G07.1) cannot be performed in 
the positioning mode (G00). 


- Cylindrical interpolation mode setting 


- Rotary axis 


- Rotary axis roll-over 


In the cylindrical interpolation mode, the cylindrical interpolation 
mode cannot be reset. The cylindrical interpolation mode must be 
cancelled before the cylindrical interpolation mode can be reset. 


Only one rotary axis can be set for cylindrical interpolation. 
Therefore, it is impossible to specify more than one rotary axis in the 
G07.1 command. 


If a rotary axis using the roll-over function is specified at the start of 
the cylindrical interpolation mode, the roll-over function is 
automatically disabled in the cylindrical interpolation mode. After the 
cylindrical interpolation mode is canceled, the roll-over function is 
enabled automatically. 


- Rotary axis control function 


If a rotary axis using the multiple rotary axis control function is 
specified at the start of the cylindrical interpolation mode, the multiple 
rotary axis control function is automatically disabled in the cylindrical 
interpolation mode. After the cylindrical interpolation mode is 
canceled, the multiple rotary axis control function is enabled 
automatically. 


- Cutter or tool nose radius compensation 


- Canned cycle for drilling 


If the cylindrical interpolation mode is specified when cutter or tool 
nose radius compensation is already being applied, correct 
compensation is not performed. Specify compensation in the 
cylindrical interpolation mode. 


Canned cycles (G73, G74, and G81 to G89 for M series / G80 to G89 
for T series) for drilling, cannot be specified during cylindrical 
interpolation mode. 
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- Coordinate system setting 
In the cylindrical interpolation mode, a workpiece coordinate system 
(G92, G54 to G59) or local coordinate system (G52) cannot be 
specified. 


- Tool offset 
A tool offset must be specified before the cylindrical interpolation 
mode is set. No offset can be changed in the cylindrical interpolation 
mode. 


- Index table indexing function 
Cylindrical interpolation cannot be specified when the index table 
indexing function is being used. 


- Parallel axis 
The rotary axis specified for cylindrical interpolation must not be a 
parallel axis. 


[7 
- Coordinate system setting 


In the cylindrical interpolation mode, a workpiece coordinate system 
G50 cannot be specified. 





- Mirror image for double turret 
Mirror image for double turret, G68 and G69, cannot be specified 
during cylindrical interpolation mode. 
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Example 





Example of a Cylindrical Interpolation 
00064 (CYLINDRICAL INTERPOLATION ); a 
N01 GOO G90 Z100.0 CO ; 

N02 G01 G91 G18 ZO CO; 

NO3 G07.1 C57299 ;* 

N04 G90 G01 G42 Z120.0 DO1 F250 ; Z 
NO5 C30.0 ; 

NO6 G03 Z90.0 C60.0 R30.0 ; 
NO7 G01 Z70.0 ; 

N08 G02 Z60.0 C70.0 R10.0 ; 
NO9 G01 C150.0 ; 

N10 G02 Z70.0 C190.0 R75.0 ; 
N11 G01 Z110.0 C230.0 ; 

N12 G03 Z120.0 C270.0 R75.0 ; 
N13 G01 C360.0 ; 

N14 G40 Z100.0 ; 











N15 G07.1 CO; 
N16 M30 ; 
Z (*A command with a decimal point can also be used.) l 
mm 
120 
110 





90 


70 
60 

















0 30 60 70 150 190 230 270 360 deg 
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4.10 CUTTING POINT INTERPOLATION FOR CYLINDRICAL 


INTERPOLATION (G07.1) 


Format 


Explanation 


The conventional cylindrical interpolation function controls the tool 
center so that the tool axis always moves along a specified path on the 
cylindrical surface, towards the rotary axis (cylindrical axis) of the 
workpiece. The cutting point interpolation for cylindrical interpolation 
function controls the tool so that the tangent of the tool and the cutting 
surface of a contour always passes the rotation center of the workpiece. 
This means that the cutting surface of the contour is always 
perpendicular to the cylinder. With this function, the figure on the 
cutting surface can always be kept constant regardless of the cutter 
compensation value of the tool used. 








This command is specified in the same way as for the 

conventional cylindrical interpolation function. 

G07.1 IPr; Circular interpolation mode on start 
(enabling cylindrical interpolation) 


G07.1 IPO; Circular interpolation mode cancel 
IP : One rotary axis address 
r : Cylinder radius of rotary axis 
Specify each of GO7.1 IPr; and GO7.1 IPO; singly in a block. 
G107 can also be specified. 








- Comparison with conventional circular interpolation 


As shown in Fig. 4.10 (a), the tool is controlled in the offset axis 
(Y-axis) direction that is perpendicular to the tool center and 
workpiece rotation center. 


. Rotation 
Workpiece axis 


Rotation 
axis 





Center of 


tool 


Conventional cylindrical interpolation Cylindrical interpolation with this function 








Fig. 4.10 (a) Comparison with conventional circular interpolation 
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- Cutting point compensation 


(1) Cutting point compensation between blocks 
As shown in Fig. 4.10(b), cutting point compensation is achieved 
by moving between blocks N1 and N2. 


(a) 


Let Cl and C2 be the heads of the vectors normal to N1 and 
N2 from S1, which is the intersection of the tool center 
paths of blocks N1 and N2 


(b) After the tool moves to S1 according to the command of N1, 


the tool moves through V on the C-axis as a result of 
; : : 1 
cutting point compensation, then through -V x—xr 
180 
along the Y-axis. 


V_: C-axis component of C1 - C2 
C1 : Cutting surface of block N1 
C2 : Cutting surface of block N2 


C2 


Cutting surface of block N2 
N1 C1 Pe 


Programmed path 


C-axis on the 








> Y-axis cylindrical surface 





Fig.4.10 (b) Cutting point compensation between blocks 


(2) Cutting point compensation in a circular command block 
As shown in Fig. 4.10(c), the movement required for cutting 
point compensation is made simultaneously with circular 
interpolation in block N1. 


(a) 


(b) 


Let CO be the head of the vector normal to N1 from SO, 
which is the tool center position at the start point of circular 
block N1. Let C1 be the head of the similar vector at the end 
point. 

As the tool moves from SO to Sl, a superimposed 
movement is made by the C-axis component of (C1 - C2) 
(V in the figure) on the C-axis, and a superimposed 


; a ; 
movement is made by —-Vx—xr along the Y-axis. 
180 


along the Y-axis. 

That is, the following expressions are valid. As movement 
is made through L as shown in Fig. 4.10(c), the 
superimposed movements are made on the C-axis and 
Y-axis as follows: 


AC = AV 
(a 
io GK 
i390 4" 
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AV _ : Cutting point compensation value (AV2 - AV1) for 
movement of AL 

AV1: C-axis component of the vector normal to N1 from 
the tool center of the start point of AL 

AV2: C-axis component of the vector normal to N1 from 
the tool center of the end point of AL 

R__: Arc radius 


V_ :C-axis component of C1 - CO 
CO :Cutting surface at the start point of block N1 
C1 :Cutting surface at the end point of block N1 


Tool center path 


C-axis on the 
cylindrical surface 


Fig.4.10 (c) Cutting point compensation in a circular command block 


(3) When cutting point compensation is not applied between blocks 


When, as shown in Fig. 4.10(d) and Fig. 4.10(e), the cutting 
point compensation value (V in the figures) is less than the value 
set in parameter No. 19534, one of the operations below is 
performed. (The operation that is performed depends on the 
setting of parameter CYS (No.19530#6). 
(a) When parameter CYS (No.19530#6) is set to 1 
Cutting point compensation is not applied between blocks 
N1 and N2, but is applied when block N2 is executed. 


V__: C-axis component of C2 - C1 
C1 : Cutting surface of block N1 
C2 _: Cutting surface after the end of block N1 


Tool center path 


Programmed path 


C-axis on the 


: cylindrical surface 
—_ Y-axis y 


Fig.4.10 (d) When parameter CYS (No.19530#6) is set to 1 
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(b) When parameter CYS (No.19530#6) is set to 0 





(b) 





Cutting point compensation is not performed between 
blocks NI and N2. Whether to apply cutting point 
compensation between block N2 and N3 is determined by 
taking the cutting point compensation value between blocks 
N2 and N3 (V in the figure) into consideration. 

V__: C-axis component of C2 - C1 


C1 : Cutting surface of blocks N1 and N2 
C2 : Cutting surface at the end of block N3 


Tool center path 


Vv 


Programmed path 


C-axis on the 
————————— > y-axis cylindrical surface 


Fig.4.10 (e) When parameter CYS (No.19530#6) is 0 


When the amount of travel (L1) of block N2 is less than the 
value set in parameter No. 19535, as shown in Fig. 4.10(f), 
cutting point compensation is not applied between blocks 
N1 and N2. Instead, block N2 is executed with the cutting 
point compensation of the previous block. When the 
amount of travel (L2) of block N3 is greater than the value 
set in parameter No. 19535, cutting point compensation is 
applied between blocks N2 and N3. 













Z-axis C2 : Cutting surface at the end of block N3 


V_:C-axis component of C2 - C1 
C1 : Cutting surface of blocks N1 and N2 


L1 








Programmed path 


C-axis on the 
cylindrical surface 





Fig.4.10 (f) When the amount of travel (L1) of block N2 is less than the 


parameter value 
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(d) When, as shown in Fig. 4.10(g), the diameter of an arc (R in 
the figure) is less than the value set in parameter No. 19535, 
cutting point compensation is not applied simultaneously 
with circular interpolation 


V_:Cutting point compensation between blocks N2 and N3 
C1 :Cutting surface of blocks N1 and N2 
C2 :Cutting surface of block N3 


Tool center path 


Programmed path 


C-axis on the 
cylindrical surface 











Fig.4.10 (g) When the diameter of an arc is less than the parameter value 


- When cutting point compensation is used with normal direction control 
When cutting point compensation is used with normal direction 
control, cutting point compensation between specified blocks is 
performed regardless of the method described in "Cutting point 
compensation" above, but is performed simultaneously with the 
movement of the normal direction control axis (C-axis). 


Z axis C axis 


sg axis 
X axis 











A axis 

















Fig. 4.10 (h) When used with normal direction control 


=O 
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(1) When the normal direction changes between blocks N1 and N2, 
cutting point compensation is also performed between blocks N1 
and N2. 

As shown in Fig. 4.10 (i), cutting point compensation described 
in (1) in "Cutting point compensation" is performed 
simultaneously with the movement made by normal direction 
control between blocks N1 and N2. 

A-axis on the V_: A-axis component of C2-C1 


cylindrical surface C1 : Cutting surface of block N1 
C2 : Cutting surface of block N2 


N2 






Y axis C2 
Normal direction vector (G41.1) 


Tool center path 


Programmed path 


X axis 








Fig. 4.10 (i) When the normal direction changes between blocks N1 and 
N2 


(2) When gentle normal direction control changes the normal 
direction as a specified block is executed, cutting point 
compensation is performed simultaneously with the movement 
made by the block. When the normal direction control axis 
rotates by 61 simultaneously with the movement made by blocks 
N1 to N2 as shown in Fig. 4.10 Gj), cutting point compensation 
by the movement of vector V1 is also performed simultaneously 


with the movement in N2. 


A-axis on the V1: A-axis component of C2-C1 
cylindrical surface C1: Cutting surface of block N1 
C2’: Cutting surface at the end point of 
block N2 


Normal direction vector (G41.1) 


Programmed path 





Fig. 4.10 (j) Gentle normal direction control 
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(3) When a specified block is executed while the normal direction 


control axis is held in the normal direction set at the end point of 
the previous block, cutting point compensation is not performed, 
and cutting point compensation applied in the previous block is 
maintained. As shown in Fig. 4.10 (k), when the movement 
amount in N2 (LI in the figure) is smaller than the setting of 
parameter No. 5483, so the normal direction control axis does not 
rotate at S1 while the movement amount in N3 (L2 in the figure) 
is greater than the setting of parameter No. 5483, so the normal 
direction axis rotates at S2, cutting point compensation is not 
performed at S1 but is performed by the movement for vector V2 
at 82. 


V2: A-axis component of C3-C1' 
A-axis on the C1: Cutting surface of block N1 
cylindrical surface C1’: Cutting surface of block N2 
L2  €3: Cutting surface of block N3 
Vector S2 C1 = vector S2 Cl' 





L1 


Y-axis 


Normal direction vector (G41.1) 


Tool center path (G42) 
X-axis 





Fig. 4.10 (k) When the normal direction is the same as in the previous 
block 


- Feedrate during cutting point compensation 


(1) The tool moves at a specified feedrate while cutting point 


compensation is being applied between blocks. 


(2) The actual speed indication and feedrate during circular 


interpolation are as described below. 

Actual speed indication 

The speed component of each axis after cutting point 
compensation at a point in time during circular interpolation is as 
follows: 

F2'= Fz : Speed component of linear axis 
Fc'=Fe+(Vce-Vcs) : Speed component of rotary axis 


Fy'= -(Vce - Ves) oo : Speed component of offset axis 


Fz: Speed component of a cylindrical interpolation linear 
axis before cutting point compensation 
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Fe: Speed component of cylindrical interpolation rotation 
axis before cutting point compensation 
Ves: Rotation axis component of a tool contact point vector 
(Vs in the figure) at the start point at a point in time 
Vce: Rotation axis component of tool contact point vector 
(Ve in the figure) at the end point at a point in time 
r: Radius of the cylinder of a rotary axis 
Accordingly, the actual speed indication during circular 
interpolation is greater than the specified value when |Fc’| > 
|Fc|(inner offset of the arc). Conversely, the actual speed 
indication during circular interpolation is less than the 
specified value when |Fc’| < |Fc|(outer offset of the arc). 





Z-axis 








—————— Y-axis 


Programmed path 


pe 


A 
I 


Fc’ 









<m—_ 
< dm— Tool 
a 





Fz = Fz’ 








C-axis 








Fig.4.10 (I) Actual speed indication during circular interpolation 


- Usable G codes 


(1) In any of the following G code modes, cutting point interpolation 
for cylindrical interpolation can be specified: 


G01,G02,G03 : 
G17,G18,G19 : 
G22 
G64 
G90,G91 


G94 


Linear interpolation, circular interpolation 
Plane selection 


: Stored stroke check function on 
: Cutting mode 
: Absolute command programming, incremental 


command programming 


: Feed per minute 


(2) Any of the following G codes can be specified in cutting point 
interpolation for cylindrical interpolation mode: 


G01,G02 ,G03 : 
G04 
G40,G41,G42 
G40.1 to G42.1: 
G64 

G65 to G67 
G90,G91 
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Linear interpolation, circular interpolation 


: Dwell 
: Cutter compensation 


Normal direction control 


: Cutting mode 
: Macro call 
: Absolute command programming, incremental 


command programming 
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- Parameter 


Limitation 
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To enable this function, set bit 5 (CYA) of parameter No. 19530 to 1. 


- Overcutting during inner corner cutting 


Theoretically, when the inner area of a corner is cut using linear 
interpolation as shown in Fig. 4.10(m), this function slightly overcuts 
the inner walls of the corner. This overcutting can be avoided by 
specifying a value of R that is slightly greater than the radius of the 
tool at the corner. 


V. Overcut portion 


Fig.4.10 (m) Overcutting 





- Setting the minimum input increment for an offset axis (Y-axis) 


Set the same minimum input increment for an offset axis and linear 
axis when cylindrical interpolation is performed. 


- Workpiece radius specification 


When specifying the radius of a workpiece, use the minimum input 
increment (with no decimal point) for the linear axis used in 
cylindrical interpolation. 


- Reference axis setting (parameter No. 1031) 


When different increment systems are used for a linear axis and a 
rotary axis in cylindrical interpolation, specify the number of the 
linear axis in cylindrical interpolation to set the axis as the reference 
axis. 


- Rotary axis roll-over function 


- Program restart 


When a rotary axis for which the rollover function is used is specified 
as a rotary axis to be used for cylindrical interpolation, the roll-over 
function is disabled in the cylindrical interpolation mode. 

When the cylindrical interpolation is canceled, the rollover function is 
automatically enabled. 


In a program restart operation, G07.1 for the cylindrical interpolation 
mode must not be specified. 
Otherwise, PSO175 is issued. 


-95- 


4. INTERPOLATION FUNCTIONS PROGRAMMING B-63944EN/02 


Example 


- Example of cutting point interpolation for cylindrical interpolation 
The sample program below indicates the positional relationships 
between a workpiece and tool. 
00001 (CYLINDRICAL INTERPOLATION) ; 

NO1 G00 G90 Z100.0 CO ; 

N02 G01 G91 G19 ZO CO; 

N03 G07.1 C57299 ; 


N04 G01 G42 G90 Z120.0 DOI F250. ; (1) 
N05 C20.0; (2) 
N06 G02 Z110.0 C60.0 R10.0; (3) 
N07 G01 Z100.0 ; (4) 
N08 G03 Z60.0 C70.0 R40.0 ; (5) 





N09 GOI C100.0 ; 





M30 ; 


Z-axis 


C-axis on the 
Cylindrical 
surface 


Pe center path 


Tool 


<?.1H___ 


50 30 80 70 C-axis on the Cylindrical surface 





Fig. 4.10 (n) Path of sample program for cutting point interpolation for 
cylindrical interpolation 
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Positional relationship between the Positional relationship between the 
workpiece and tool of (1) workpiece and tool of (2) 











Rotation 


Rotati i 
otauion Workpiece_, 


Cutting surface 
<< Tool ——_——_> 


Tool center 


Positional relationship between the Positional relationship between the 
workpiece and tool of (3) and (4) workpiece and tool of (5) 








Rotation Rotation 


é Workpiece_, 


Tool center 





Fig. 4.10 (0) Positional relationships between workpiece and tool of 


sample program 


The cutting surface in the rotary axis direction in (3) and (4) are 
uniform even if the cutter compensation amount is modified. 
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- Example of specifying cutting point interpolation for cylindrical interpolation and 
normal direction control at the same time 
Cutter compensation No.01 is 30 mm. 
00002(CYLINDRICAL INTERPOLATION2) ; 
NO1 GOO G90 X100.0 AO ; 
N02 GOI G91 G17 X0 AO; 
N03 G07.1 C57299 ; 
N04 GO1 G41 G42.1 G90 X120.0 DO1 F250. ; 
NO5 A20.0 ; 
N06 G03 X80.0 A60.0 R40.0 ; 
N07 GO1 X70.0 ; 
N08 G02 X70.0 A70.0 R10.0 ; 
N09 GO1 A150.0 ; 
N10 G02 X70.0 A190.0 R85.0 ; 
N11 GOI X110.0 A265.0 ; 
N12 G03 X120.0 A305.0 R85.0 ; 
N13 GO1 A360.0 ; 
N14 G40 G40.1 X100.0 ; 
N15 GO7.1 AO ; 
N16 M30; 























Fig. 4.10 (p) Example of specifying normal direction control at the same 
time 
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4.11 EXPONENTIAL INTERPOLATION (G02.3, G03.3) 


Exponential interpolation exponentially changes the rotation of a 
workpiece with respect to movement on the rotary axis. Furthermore, 
exponential interpolation performs linear interpolation with respect to 
another axis. This enables tapered groove machining with a constant 
helix angle (constant helix taper machining). This function is best 
suited for grooving and grinding tools such as taper end mills. 








Relationship between X-axis and A-axis 


A A 
(Rotary axis) 


“4 














AX X (Linear axis) 


Fig. 4.11 (a) Exponential interpolation 
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Format 





Positive rotation (@ = 0) 

G02.3 X_Y_Z_I_J_K_R_F_Q_; 

Negative rotation (@ = 1) 

G03.3 X_Y_Z_|I_J_K_R_F_Q_=; 

X_ : Specifies an end point with an absolute or incremental 
value. 

Y_ : Specifies an end point with an absolute or incremental 
value. 

Z_ : Specifies an end point with an absolute or incremental 
value. 

|_ : Specifies angle | (from +1 to +89 deg in units of 0.001 
deg). 

J_ : Specifies angle J (from +1 to +89 deg in units of 0.001 
deg). 

K_ : Specifies the amount to divide the linear axis for 
exponential interpolation (span value). The specification 
unit depends on the reference axis. Specify a positive 
value. 

The span value is specified in the manner specified in bit 
0 (SPN) of parameter No. 5630. If SPN is set to 0, the 
division amount is specified in parameter No. 5643. If 
SPN is set to 1, the value specified with K becomes 
valid. 

R_ : Specifies constant R for exponential interpolation. (See 
Explanations below.) 

F_ : Specifies the initial feedrate. 

Specified in the same way as an ordinary F code. 
Specify a composite feedrate including a feedrate on the 
rotary axis. 

Q__: Specifies the feedrate at the end point. 

The same unit used for F is used. The CNC internally 
performs interpolation between the initial feedrate (F) 
and final feedrate (Q), depending on the travel distance 
on the linear axis. 
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Explanation 




















Diameter of left end 

Excess length 

Amount of travel along the linear axis 
Taper angle 

Groove bottom taper angle 

Helix angle 


CWwW7-xcCc™ 





Fig. 4.11 (b) Constant helix machining for producing a tapered figure 
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In Fig. 4.11 (b) an absolute value on the X-axis, Z-axis, or A-axis is 
expressed as a function of workpiece rotation angle 0, such as X(0), 
Z(8), and A(6). 

Linear interpolation with the X-axis is performed for an axis other 
than the X-axis or A-axis. When X(0) = 0, 4(0) = 0. 


The relationship is expressed as follows. 








Z(6) ={ 57 U * tan) je(eF 0 +200) si0Sespaakeldee (1) 
X(0)={ 57 U Ftan(Z) \e (ek Srey ssctteslake tee abstosrys (2) 
A(6) =(-1)" *=*6 
Where 
_ tant 
~ tan/ 


@. Helix direction (0: Positive, 1: Negative) 


From Expressions (1) and (2), the following is obtained ; 

Z(O) = tan(B)* X(B)+Z(O) .cesceccseccescsesseccescucssecceecsceseeceecseese (3) 

From Expression (3), the Z-axis position is determined from a groove 
bottom taper angle (B) and X-axis position. 

From Expression (1) and exponential definition expression (described 
later), the following is determined: 

RS 7/QSU tanh). ovcaseside acs cawe ches nceaad deeees iow naan cee ttovenseiee (4) 
Constant R is determined from the left end diameter (r), excess length 
(U), and taper angle (I) according to Expression (4). Specify a taper 
angle (I) in address I, and specify a helix angle (J) in address J. 
Select a helix direction with G02.3 or G03.3. 


- Exponential definition expressions 
Exponential relational expressions for a linear axis and rotary axis are 
defined as follows: 





* z _1)* 1 
X(0) = R*(e* -1) mao oe ee (5) 
A(8) = (-1)° *360* Su tn GER As (6) 
2a 
Where, 

Kz tan(J/) 

tan(/) 
@=0/1 


R, I, and J are constants, and 0 represents an angle (radian). 
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- Span value K 
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A movement on an axis is carried out as linear interpolation in units of 
values obtained by dividing the movement on the X-axis by the span 
value (address K). 

The following is obtained from Expression (5) 





9(X) = Kyo 41 


) eRe eet errr nate Pe tree aera (7) 
When there is movement from X, to X, on the linear axis, the amount 
of movement on the rotary axis is determined by: 


*tan(/) 


AO = K*{In(22 


+1)=In ASO +19) 


Rotation angle 8 














el K oe X (linear axis) 


Fig. 4.11 (c) Span value K 
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- Rotation axis 0 


In exponential interpolation, Expression <7> indicates the relationship 
between the X coordinate and the rotation angle 8 about the A-axis. 
The expression in the parentheses of the natural logarithm In in 
Expression <7> must satisfy Expression <8> indicated below, because 
of the condition of In (the value in the parentheses is positive). 


* 
X * tan(/) ae 
R 


If the value of X*tan(1)/R becomes -1 or less, the position comes to 
the right of point (A) in Fig. 4.11 (d). Because the resultant figure is 
unfeasible, an alarm PS5062 will be issued. 


In exponential interpolation, the X, Y, Z, and U values are handled as 
coordinates in the workpiece coordinate system. If a positive value 
specified in incremental programming corresponds to a negative value 
in the workpiece coordinate system, the negative value is used in the 
calculation. 















- 


xtan(IR>-1 <lpxttan(I/R <-1 








Origin of 
workpiece 
coordinate 
system 











Fig. 4.11 (d) Rotation angle 6 
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- Taper angle | 


The machining profile and the sign of taper angle I have the following 
relationships: 


e Ifthe profile tapers up toward the right, the I value is positive. 


e Ifthe profile tapers down toward the right, the I value is negative. 





Example) 








Fig. 4.11 (e) Taper angle | 


- Helix angle J 
The sign of the helix angle J is assigned as illustrated below. 





Example) 
J>0 J>0 
| >X hh 
<0 J<0O 


Fig. 4.11 (f) Helix angle J 
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Example 
Z(0) = 1.4 
r=3.0 
Xs: Start point on the 
X-axis 
Xe: End point on the 
X-axis 
N10 G90 G01 X5.0 21.575 ; 
N20 G02.3 X25.0 22.273 13.0 J-45.0 K1.0 R1.238 
F1000 Q1000 ; 
The start point and end point of the Z-axis and the constant R are 
obtained from the following expressions: 
Start point on the Z-axis = tan(B)* Xs+Z(0) 
End point on the Z-axis = tan(B)* Xe+Z(0) 
R=r/2-U*tan() 
Limitation 


- Cases where linear interpolation is performed 
Even when the G02.3 or G03.3 mode is set, linear interpolation is 
performed in the following cases: 
e When the linear axis specified in parameter (No. 5641) is not 
specified, or the amount of movement on the linear axis is 0 
e When the rotary axis specified in parameter (No. 5642) is specified 


e When the amount for dividing the linear axis (span value) is 0 


- Tool compensation 
The tool compensation functions (tool length compensation, cutter or 
tool nose radius compensation, and _ three-dimensional tool 
compensation) cannot be used in the G02.3 or G03.3 mode. 


/\ CAUTION 
The amount for dividing the linear axis for 
exponential interpolation (span value) affects figure 


precision. However, if an excessively small value is 
set, the machine may stop during interpolation. Try 
to specify an optimal span value depending on the 
machine being used. 
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4.12 SMOOTH INTERPOLATION (G05.1) 


Either of two types of machining can be selected, depending on the 

program command. 

e For those portions where the accuracy of the figure is critical, 
such as at comers, machining is performed exactly as specified 
by the program command. 

e For those portions having a large radius of curvature where a 
smooth figure must be created, points along the machining path 
are interpolated with a smooth curve, calculated from the 
polygonal lines specified with the program command (smooth 





interpolation). 
In this manner, high-speed, high-precision machining can be 
performed. 
Format 
G05.1Q2X0Y0Z0 ; Starting of smooth interpolation mode 
G05.1Q0 ; Cancellation of smooth interpolation mode 
Explanation 


- Characteristics of smooth interpolation 
To machine a part having sculptured surfaces, such as metal moldings 
used in automobiles and airplanes, a part program usually 
approximates the sculptured surfaces with minute line segments. As 
shown in the following figure, a sculptured curve is normally 
approximated using line segments with a tolerance of about 10 pm. 


Enlarged 


© : Specified point 
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When a program approximates a sculptured curve with line segments, 
the length of each segment differs between those portions that have 
mainly a small radius of curvature and those that have mainly a large 
radius of curvature. The length of the line segments is short in those 
portions having a small radius of curvature, while it is long in those 
portions having a large radius of curvature. Because linear 
interpolation controls the tool movement exactly as programmed so as 
not to let the tool depart from the path specified by a part program, 
machining is performed exactly along line segments with which a 
sculptured curve is approximated. Consequently, when a curve with a 
large radius of curvature and a moderate curvature change is machined, 
the corners of line segments may become apparent. Such concave and 
convex portions, produced as a result of machining performed exactly 
as specified, are found troublesome when a smooth surface must be 
obtained by finishing. 

Portions having mainly Portions having mainly 
Profile a small radius of a large radius of 

curvature curvature 


Example of machined : Decorative parts, such 

Automobile parts F : 
parts as body side moldings 
Length of line segment | Short Long 


Resulting surfaces Smooth surface even Uneven surfaces may 
produced using when machining is result when machining 
high-precision contour performed exactly as is performed exactly as 
control specified by a program | specified by a program 


Example of uneven surfaces (polygon) resulting from machining that precisely follows the line segments. 





In smooth interpolation mode, the CNC automatically determines, 
according to the program command, whether an accurate figure is 
required, such as at corners, or a smooth figure is required where the 
radius of curvature is large. If a block specifies a travel distance or 
direction which differs greatly from that in the preceding block, 
smooth interpolation is not performed for that block. Linear 
interpolation is performed exactly as specified by the program 
command. Programming is thus very simple. 
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- Conditions for performing smooth interpolation 


Smooth interpolation is performed when all the following conditions 
are satisfied. If any of the following conditions is not satisfied for a 
block, that block is executed without smooth interpolation then the 
conditions are checked for the next block. 

(1) The machining length specified in the block is shorter than the 

length specified with parameter No. 8486. 
(2) The machining length is other than 0. 
(3) The modes are: 


G01 : Linear interpolation 

G13.1 : Polar coordinate interpolation cancel 

G15 : Polar coordinate command cancel 

G40 : Cutter or tool nose radius compensation cancel 
(except for 3-dimensional tool compensation) 

G64 : Cutting mode 

G80 : Canned cycle cancel 

G94 : Feed per minute 


(4) Machining is specified only along the axes specified with 
G05.1Q2. 

(5) The block is judged to be unsuitable for smooth interpolation, as 
performed with the internal algorithm of the CNC. 


- Commands which cancel smooth interpolation 


(1) Auxiliary and second auxiliary functions 
(2) M98, M99: Subprogram call 
M198 : Calling a subprogram in external memory 
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Limitation 


- Controlled axes 


Example 


PROGRAMMING 


B-63944EN/02 


Smooth interpolation can be specified only for the X-, Y-, and Z-axes 
and any axes parallel to these axes (up to three axes at one time). 


<Example program for smooth interpolation> 


G91 


GOS. 


NOI 
NO2 
NO3 
N04 
NOS5 
N06 
NO7 
N08 
NO9 








1 Q2 
GOl 
X1000 
X1000 
X1000 
X1000 
X1000 
X1000 
X1000 
Y1000 


N 
A 

I 

I 

l 


N10 
Nill 
N12 
N13 








XO YO ZO ; N14 
X1000 Z-300 ; NI5 
Z-200_ ; N16 
Z-50_ ; N17 
Z50° G05. 
Z50_ ; F 
Z-25 ; 
Z-175 ; 


Z-350 ; 


Interpolated by smooth curve 


Interpolated by smooth curve 
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1 


X-1000 
X-1000 
X-1000 
X-1000 
X-1000 
X-1000 
X-1000 


X-1000 


Q0 


Z350 ; 
ZI175 ; 
Z25 ; 

Z-50 ; 
Z-50 ; 
Z50 ; 

Z200 ; 
Z300 ; 


Linear interpolation 
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4.13 NANO SMOOTHING 


Overview 


When a desired sculptured surface is approximated by minute 
segments, the nano smoothing function generates a smooth curve 
inferred from the programmed segments and performs necessary 
interpolation. 

The nano smoothing function infers a curve from a programmed 
figure approximated with segments within tolerance. If the spacing 
between adjacent inflection points or programmed points is not 
constant, this function can generate a smoother curve than the 
conventional smooth interpolation function. 

The interpolation of the curve reduces the segment approximation 
error, and the nano-interpolation makes the cutting surface smoother. 
This function needs the AI contour control option. 


Format 


- Nano smoothing mode 





G5.1 Q3 Xp0 Yp0 Zp0 ;_ : Nano smoothing mode on 
G5.1 QO ; : Nano smoothing mode off 
Xp: X-axis or an axis parallel to the X-axis 
Yp: Y-axis or an axis parallel to the Y-axis 
Zp: Z-axis or an axis parallel to the Z-axis 











NOTE 
1 Specify G5.1 alone in a block. (Avoid specifying 
any other G code in the same block.) 


2 Specify position 0 for the axis programmed in the 
nano smoothing mode on block. The specified axis 
is subjected to nano smoothing, but no movement 
is made even in the absolute programming mode. 





Specifying G5.1 Q3 selects the nano smoothing mode. An axis of 
nano smoothing is specified in the same block. The three basic axes 
(X, Y, and Z) and their parallel axes can be specified as the axis of 
nano smoothing. In the nano smoothing mode, nano smoothing is 
performed in a block which satisfies the conditions described below. 
Nano smoothing is cancelled in a block which does not satisfy the 
conditions. 

Specifying G5.1 Q3 also enables AI contour control. The automatic 
velocity control by AI contour control reduces impacts on the 
mechanical system. 

Specifying G5.1 QO cancels the nano smoothing mode. The AI 
contour control mode is also cancelled at the same time. 

Making a reset also cancels the nano smoothing mode. 
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- Conditions to enable nano smoothing 
Nano smoothing is enabled when the following conditions are 
satisfied. Nano smoothing is cancelled in a block which does not 


satisfy the conditions. 


A decision is made to perform nano 


smoothing from the next block. 


<1> The programmed block length is shorter than the length specified 
in parameter No. 8486. 


<2> 


The programmed block length is longer than the length specified 


in parameter No. 8490. 


<3> 


The difference in angle between adjacent programmed blocks is 


smaller than the value specified in parameter No. 8487. 


<4> 


The current mode is one of the following: 


Linear interpolation 

Feed per minute 

Cutter compensation cancel 

Canned cycle cancel 

Scaling cancel 

Macro modal call cancel 

Constant surface speed control cancel 
Cutting mode 
Coordinate system 
conversion cancel 
Polar coordinate cancel 
Normal-direction control cancel 
Polar coordinate interpolation cancel 
Programmable mirror image cancel 
Polygon turning cancel 


rotation/three-dimensional coordinate 


<5> No one-shot G code is specified in the block. 


<6> 


Buffering is not suppressed in the block. 


<7> A movement just on the axis of nano smoothing is specified in 
the block. 


- Checking the nano smoothing mode 
Diagnostic data (No. 5000) indicates whether the nano smoothing 
mode is enabled in the current block. 
If the nano smoothing mode is enabled, the "smoothing on" bit is set 


to 1. 
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Explanation 





O Insertion point 





Programmed point 


oa @ Programmed point 


© Corrected insertion point 


PROGRAMMING _ 4.INTERPOLATION FUNCTIONS 


Generally, a program approximates a sculptured surface with minute 
segments with a tolerance of about 10 um. 






Tolerance 






Desired curve 





Many programmed points are placed on the boundary of tolerance. 
The programmed points also have a rounding error owing to the least 
input increment of the CNC. The nano smoothing function creates 
multiple insertion points between adjacent programmed points so that 
a smooth curve can be created from the approximation segments. 
The desired curve is inferred from the insertion points of multiple 
blocks including buffered blocks. 


Many insertion points are closer to the desired curve than the 
programmed points. A stable curve can be inferred with the insertion 
points created from multiple blocks including buffered blocks. 
Because the position of each insertion point is corrected in a unit 
smaller than the least input increment of the CNC within tolerance, the 
impact of rounding error is reduced. 

Nano-interpolation is performed for the curve inferred from the 
corrected insertion points, so the resultant cutting surface becomes 
smooth. 









Tolerance 


Inferred curve 





- Specifying the tolerance 


The tolerance of the program of nano smoothing is specified in 
parameter No. 19581. 

The insertion points are corrected within tolerance, and a curve is 
inferred accordingly. 

If 0 is specified in parameter No. 19581, the minimum travel distance 
in the increment system is considered to be the tolerance. 
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- Making a decision on the basis of the spacing between adjacent programmed 


points 


If the spacing between adjacent programmed points (block length) 
exceeds the value specified in parameter No. 8486 or falls below the 
value specified in parameter No. 8490 in the nano smoothing mode, 
the nano smoothing mode is cancelled at the start point of the block. 
Linear interpolation can be performed in the block. 

If the values specified in the parameters are 0, no decision is made on 
the basis of the spacing between adjacent programmed points. 


- Making a decision at a corner 


If the difference in angle (see the following figure) between adjacent 
programmed blocks exceeds the value specified in parameter No. 
8487 in the nano smoothing mode, the nano smoothing mode is 
cancelled at the corner. 


01: Difference in angle between blocks N1 and N2 
62: Difference in angle between blocks N2 and N3 





If the value specified in the parameter is 0, no decision is made at the 
corner on the basis of the difference in angle. 

Very minute blocks created for some reasons such as a calculation 
error of CAM can be ignored, and a smooth connection can be made 
atacorner. To do this, specify parameter No. 19582 to the minimum 
travel distance with which a decision is made on the basis of 
difference in angle. Then, the decision at a corner is disabled for a 
block of which distance is less than the specified minimum travel 
distance. 


However, a decision based on the spacing between adjacent 
programmed points specified in parameter No. 8490 has higher 
priority than the decision at a corner. Therefore, the value specified 
in parameter No. 19582 must be greater than the value specified in 
parameter No. 8490. 


If parameter No. 19582 is specified, a very minute block is not 
considered to be a corner, and a smooth connection can be made. 
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Limitation 
- Single-block operation 


- Tool length compensation 


PROGRAMMING __4.INTERPOLATION FUNCTIONS 


When single-block operation is carried out in the nano smoothing 
mode, the operation stops at a corrected insertion point not at a 
programmed point. 

Even in the nano smoothing mode, normal single-block operation is 
carried out for a block that does not satisfy the conditions of nano 
smoothing mode. 


To carry out tool length compensation, specify the command before 
specifying nano smoothing. Avoid changing the amount of 
compensation in the nano smoothing mode. 

If G43, G44, or G49 is specified in a block between the block in 
which the command of nano smoothing mode on (G5.1 Q3) is 
specified and the block in which the command of nano smoothing 
mode off (G5.1 QO) is specified, an alarm PS0343 will be issued. 


- Cutter or tool nose radius compensation 


If cutter or tool nose radius compensation is specified in the nano 
smoothing mode, the nano smoothing mode is cancelled. Then, 
when the command of cutter or tool nose radius compensation cancel 
(G40) is specified, a decision is made whether to start nano smoothing 
from the next block. The startup and cancel operations of type C are 
always carried out for the cutter or tool nose radius compensation 
specified in the nano smoothing mode, irrespective of the parameter 
setting. 

A command related to cutter or tool nose radius compensation should 
not be specified in the nano smoothing mode unless it is absolutely 
necessary. 


- Interruption type custom macro 


- Manual intervention 


No interruption type custom macro can be used in the nano smoothing 
mode. 

If the nano smoothing mode is specified while an interruption type 
custom macro is enabled or if an interruption type custom macro is 
enabled in the nano smoothing mode, an alarm PS0342 will be issued. 


Manual intervention by specifying the manual absolute on command 
cannot be performed in the nano smoothing mode. If this is 
attempted, an alarm PS0340 will be issued at the cycle start after 
manual intervention. 
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- Rotary table dynamic fixture offset 


The command of rotary table dynamic fixture offset (G54.2) must be 
cancelled before specifying the nano smoothing mode. These 
commands cannot be used in the nano smoothing mode. If an 
attempt is made to use one of these commands, an alarm PS0343 will 
be issued. 


- Binary operation by remote buffer 


Binary operation by remote buffer cannot be carried out in the nano 
smoothing mode. 

To carry out the binary operation, cancel the nano smoothing mode in 
advance. 


- Number of blocks that can be specified successively 


- Continuity of a program 


Up to about 300,000,000 blocks can be specified successively in the 
nano smoothing mode. If more blocks are specified, an alarm 
PS0341 will be issued. 

However, when a block which does not satisfy the conditions of the 
nano smoothing mode is encountered, the mode is canceled and the 
counted number of successive blocks is reset to 0. 


Curve interpolation is carried out for multiple programmed blocks 
including buffered blocks in the nano smoothing mode. 

Therefore, the programmed commands must be executed continuously 
in the nano smoothing mode. 

The continuity of a program may be lost, and continuous execution 
may not be performed, in some cases such as the following: A 
single-block stop is made in the nano smoothing mode; and another 
program is executed in the MDI mode. If this occurs, an alarm 
PS0344 will be issued. 


- Restrictions on resumption of automatic operation 


(1) Program restart 
Curve interpolation is performed for corrected insertion points 
not for programmed points in the nano smoothing mode. 
Accordingly, when a sequence number is specified to restart the 
program, the operation cannot be restart from a programmed 
point in a block. 
To restart a program, specify a block number, using the block 
counter displayed in the program screen. 

(2) Block restart 
A block cannot be restarted in the nano smoothing mode. When 
an attempt is made to restart a block, an alarm PS0344 will be 
issued. 

(3) Tool retract and recover 
The tool cannot be retracted or recovered in the nano smoothing 
mode. 

(4) Retracing 
Retracing cannot be performed in the nano smoothing mode. 
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(5) Active block cancel 
The active block cancel function is temporarily disabled in the 
nano smoothing mode. 


- Functions that cannot be used simultaneously 


The nano smoothing function cannot be used simultaneously with the 
following functions. 


e Parallel axis control 


e Twin table control 
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4.14 NURBS INTERPOLATION (G06.2) 


Many computer-aided design (CAD) systems used to design metal 
dies for automobiles and airplanes utilize non-uniform rational 
B-spline (NURBS) to express a sculptured surface or curve for the 
metal dies. 

This function enables NURBS curve expression to be directly 
specified to the CNC. This eliminates the need for approximating the 
NURBS curve with minute line segments. This offers the following 


advantages: 
1. No error due to approximation of a NURBS curve by small line 
segments 


2. Short part program 

3. No break between blocks when small blocks are executed at high 
speed 

4. No need for high-speed transfer from the host computer to the 
CNC 

When this function is used, a computer-aided machining (CAM) 

system creates a NURBS curve according to the NURBS expression 

output from the CAD system, after compensating for the length of the 

tool holder, tool diameter, and other tool elements. The NURBS curve 

is programmed in the NC format by using these three defining 

parameters: control point, weight, and knot. 


CAD(Designing a metal die) 
Generating a metal die surface 
(NURBS surface or curve) 


CAM (Creating an NC part program) 
Studying the machining 
ethod and others 


Tool compensation file 











NC part program after tool compensation 
(NURBS curve) 











NURBS curve (control point, weight, knot) 


CNC equipment Machine tool 


Fig. 4.14 (a) NC part program for machining a metal die according to a 
NURBS curve 
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Format 
G06.2[P_]K_X_Y Z [R] [F_]; 
K XY Z[R]; 
K XY Z[R]; 
K X_Y Z[R]; 


KXYZIR]; 
Ks 


G06.2 : Start NURBS interpolation mode 
P_ : Rank of NURBS curve 
XY _Z_: Control point 

: Weight 

: Knot 

: Feedrate 





Explanation 


- NURBS interpolation mode 
NURBS interpolation mode is selected when G06.2 is programmed. 
G06.2 is a modal G code of group 01. NURBS interpolation mode 
ends when a G code of group 01 other than G06.2 (G00, G01, G02, 
G03, etc.) is specified. 


- Rank of NURBS 
A rank of NURBS can be specified with address P. The rank setting, if 
any, must be specified in the first block. If the rank setting is omitted, 
a rank of four (degree of three) is assumed for NURBS. The valid 
data range for P is 2 to 4. The P values have the following meanings: 
P2: NURBS having a rank of two (degree of one) 
P3: NURBS having a rank of three (degree of two) 
P4: NURBS having a rank of four (degree of three) (default) 
This rank is represented by k in the defining expression indicated in 
the description of NURBS curve below. For example, a NURBS curve 
having a rank of four has a degree of three. The NURBS curve can be 
expressed by the constants t,t’, and t!. 


- Weight 
The weight of a control point programmed in a single block can be 
defined. When the weight setting is omitted, a weight of 1.0 is 
assumed. 
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- Knot 


- NURBS curve 


- Reset 


The number of specified knots must equal the number of control 
points plus the rank value. In the blocks specifying the first to last 
control points, each control point and a knot are specified in an 
identical block. After these blocks, as many blocks (including only a 
knot) as the rank value are specified. The NURBS curve programmed 
for NURBS interpolation must start from the first control point and 
end at the last control point. The first k knots (where k is the rank) 
must have the same values as the last k knots (multiple knots). If the 
absolute coordinates of the start point of NURBS interpolation do not 
match the position of the first control point, alarm PS5117 is issued. 
(To specify incremental values, G06.2 X0 YO ZO K_ must be 
programmed.) 


Using these variables: 


k  : Rank 
Pi : Control point 
Wi: Weight 


Xi: Knot (X} < Xx) 
Knot vector [Xo X7,...,Xm] (m=nt k) 
t : Spline parameter, 
the spline basis function N can be expressed with the de Boor-Cox 
recursive formula, as indicated below: 


(x, <t<I1x.,,) 
> Ot < x;,% 544 < t) 


Ge DN a f Ok OM i pO 





oe 
Xitk—-1 7% Xitk ~ *i41 


The NURBS curve P(t) of interpolation can be expressed as follows: 


DV Nix (t)wip, 
P(t) == 
> Ng (t)w, 
i=0 


(X0<t<Xm) 


A reset during NURBS interpolation results in the clear state. The 
modal code of group | enters the state specified in the parameter G01 
(No. 3402#0). 
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Limitation 
- Controlled axes 


NURBS interpolation can be performed on up to three axes. The axes 
of NURBS interpolation must be specified in the first block. A new 
axis cannot be specified before the beginning of the next NURBS 
curve or before NURBS interpolation mode ends. 


- Command in NURBS interpolation mode 
In NURBS interpolation mode, any command other than the NURBS 
interpolation command (miscellaneous function and others) cannot be 
specified. 


- Manual intervention 


If manual intervention is attempted while manual absolute mode is set, 
alarm PS5118 is issued. 


- Cutter compensation 


Cutter compensation cannot be simultaneously executed. NURBS 
interpolation can only be specified after cutter compensation has been 
canceled. 
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Example 

<Sample NURBS interpolation program> 

G90; 

G06.2 KO. XO. Z0.; 
KO. X300. Z100.; 
KO. X700. Z100.; 
KO. X1300. Z-100.; 
KO0.5 X1700. Z-100.; 
KO0.5 X2000. ZO0.; 
K1.0; 
K1.0; 
K1.0; 
K1.0; 

GOl Y0.5; 

G06.2 KO. X2000. ZO0.; 
KO. X1700. Z-100.; 
KO. X1300. Z-100.; 
KO. X700. Z100.; 
KO.5 X300. Z100.; 
KO0.5 X0. Z0.; 
K1.0; 
K1.0; 
K1.0; 
K1.0; 

GOl Y0.5; 

G06.2 ... 

G01... 
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4.15 HYPOTHETICAL AXIS INTERPOLATION (G07) 


In helical interpolation, when pulses are distributed with one of the 
circular interpolation axes set to a hypothetical axis, sine interpolation 
is enabled. 

When one of the circular interpolation axes is set to a hypothetical 
axis, pulse distribution causes the speed of movement along the 
remaining axis to change sinusoidally. If the major axis for threading 
(the axis along which the machine travels the longest distance) is set 
to a hypothetical axis, threading with a fractional lead is enabled. The 
axis to be set as the hypothetical axis is specified with G07. 





Format 
G07 a0; : Hypothetical axis setting 
G07 a1; : Hypothetical axis cancel 
Where, a is any one of the addresses of the controlled axes. 
Explanation 


- Sine interpolation 
The a axis is regarded as a hypothetical axis for the period of time 
from the G07 «0 command until the G07 «1 command appears. 
Suppose sine interpolation is performed for one cycle in the YZ plane. 
The hypothetical axis is then the X axis. 
X°*+Y’ =r (ris the radius of an arc.) 


Y =rSIN (=7) (1 is the distance traveled along the Z-axis in one 


cycle.) 





- Interlock, stroke limit, and external deceleration 
Interlock, stroke limit, and external deceleration can also apply to the 
hypothetical axis. 


- Handle interruption 


An interrupt caused by the handle also applies to the hypothetical axis. 
This means that movement for a handle interrupt is performed. 
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Limitation 
- Manual operation 


- Move command 


- Coordinate rotation 


Example 
- Sine interpolation 


The hypothetical axis can be used only in automatic operation. In 
manual operation, it is not used, and movement takes place. 


Specify hypothetical axis interpolation only in the incremental mode. 


Hypothetical axis interpolation does not support coordinate rotation. 


10.0 








NOO1 G07 X0 ; 

NO02 G91 G17 G03 X-20.0 Y0.0 I-10.0 Z20.0 F100; 
NO003 GO1 X10.0; 

N004 G07 X1; 

From the N002 to NO03 blocks, the X-axis is set to a hypothetical axis. 
The NO002 block specifies helical cutting in which the Z-axis is the 
linear axis. Since no movement takes place along the X axis, 
movement along the Y-axis is performed while performing sine 
interpolation along the Z-axis. 

In the N003 block, there is no movement along the X-axis, and so the 
machine dwells until interpolation terminates. 


- Changing the feedrate to form a sine curve 


(Sample program) 
G07Z0 ; The Z-axis is set to a hypothetical axis. 
G02X0Z0I10.0F4. ; The feedrate on the X-axis changes sinusoidally. 
G07Z1 ; The use of the Z-axis as a hypothetical axis is 
canceled. 
F 
4.0 


2194 
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4.16 VARIABLE LEAD THREADING (G34) 


Specifying an increment or a decrement value for a lead per screw 
revolution enables variable lead threading to be performed. 


Fig. 4.16 (a) Variable lead screw 


Format 





G34 IP_F_K_Q_; 

_ : End point 

: Lead in longitudinal axis direction at the start point 

: Increment and decrement of lead per spindle revolution 
: Shift amount of starting angle of thread cutting 








OATH 





Explanation 
Address other than K are the same as in straight/taper thread cutting 
with G32. 
The K value depends on the increment system of the reference axis, as 
indicated in Table 4.16 (a). 
If the specified K value exceeds the range indicated in Table 4.16 (a), 
if the maximum lead is exceeded after a change due to the K value, or 
if the lead value is negative, an alarm PS0313 will be issued. 


Table 4.16 (a) Range of valid K values 


Increment system 3 : u 
i Metric input (mm/rev) Inch input (inch/rev) 
of reference axis 


+0.001 to +500.000 |+0.00001 to +50.00000 





+0.0001 to +500.0000 |+0.000001 to _+50.000000 





+0.00001 to +50.00000 |+0.0000001 to +5.0000000 





+0.000001 to +5.000000 |+0.00000001 to +0.50000000 











+0.0000001 to +0.5000000 |+0.000000001 to +0.050000000 


/\ CAUTION 
The "thread cutting cycle retract" is not effective for 
G34. 





Example 
Lead at the start point: 8.0 mm 
Lead increment: 0.3 mm/rev 
G34 Z-72.0 F8.0 K0.3 ; 
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4.17 CIRCULAR THREADING (G35, G36) 


Using the G35 and G36 commands, a circular thread, having the 
specified lead in the direction of the major axis, can be machined. 








Fig. 4.17 (a) Circular threading 


Format 
A sample format for the G18 plane (Z-X plane) is indicated below. 
When using the format for the G17 plane (X-Y plane), change the 
addresses Z, X, K, and I to X, Y, I, and J respectively. When using 
the format for the G19 plane (Y-Z plane), change the addresses Z, X, 
K, and I to Y, Z, J, and K respectively. 


a, fi-kt 
o36 f *-2- LR_ F_Q_; 


G35: Clockwise circular threading command 
G36: Counterclockwise circular threading command 


X, Z: Specify the arc end point (in the same way as for G02, G03). 
|,K : Specify the arc center relative to the start point, using relative 
coordinates (in the same way as for G02, G03). 
R__: Specify the arc radius. 
F : Specify the lead in the direction of the major axis. 
Q_: Specify the shift of the threading start angle 
(0° to 360°, with least input increment of 0.001) 
(The value can be programmed with a decimal point.) 
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[| 





Explanation 
- Specifying the arc radius 


- Shift angle 


- Specifying shift angle Q 


ie 


R 





> xX 


PROGRAMMING _ 4.INTERPOLATION FUNCTIONS 


| | _K ac 
36,f XUI-ZW)_ LR F_Q_; 


G35: Clockwise circular threading command 

G36: Counterclockwise circular threading command 

X(U): Specify the arc end point (in the same way as for G02, G03). 
Z(W) 


K : Specify the arc center relative to the start point, using relative 
coordinates (in the same way as for G02, G03). 


Specify the arc radius. 


Specify the lead in the direction of the major axis. 


Specify the shift of the threading start angle 
(0° to 360°, with least input increment of 0.001 


(The value cannot be programmed with a decimal point.) 





Start point 


) 





End point (Z, X) 




















If R is specified with I and K, only R is effective. 





If an angle greater than 360° is programmed, it is set to 360°. 


To specify the shift angle Q, set bit 0 (GQS) of parameter No. 3451 to 


1. 
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[Tr 
- Automatic tool compensation 


The G36 command is used to specify the following two functions: 
Automatic tool compensation X and counterclockwise circular 
threading. The function for which G36 is to be used depends on bit 3 
(G36) of parameter No. 3405. 
e When parameter G36 is set to 0, the G36 command is used for 
automatic tool compensation X. 
e When parameter G36 is set to 1, the G36 command is used for 
counterclockwise circular threading. 
G37.1 can be used to specify automatic tool compensation X and 
G37.2 can be used to specify automatic tool compensation Z. 
(Specification method) 
G37.1 X_ 
G37.2) Z_ 


e Gcode when parameter G36 (bit 3 of No. 3405) is set to 1 


G code group Function 
Clockwise circular threading 
Counterclockwise circular threading 
Automatic tool compensation Z 
Automatic tool compensation X 
Automatic tool compensation Z 
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Limitation 


- Range of specifiable arc 





An arc must be specified such that it falls within a range in which the 
major axis of the arc is always the Z-axis or always the X-axis, as 
shown in Fig. 4.17 (b), and (c). If the arc includes a point at which 
the major axis changes from the X-axis to Z-axis, or vice versa, as 
shown in Fig. 4.17 (d), an alarm PS5058 is issued. 


Start point _ End point 





i» 7Z 
Jase: 








Fig. 4.17 (b) Range in which the Z-axis is the major axis 









“Start point 


End point 





Fig. 4.17 (c) Range in which the X-axis is the major axis 


-..,, Start point ~— The major axis changes at this point. 


. End point 


Z 





Fig. 4.17 (d) Example of arc specification which causes an alarm 
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- End point not on an arc 


If the end point is not on an arc, a movement on an axis is made to a 
position of which coordinate matches the corresponding coordinate of 
the end point. Then, a movement is made on another axis to reach 
the end point. 


End point 


End point 


O Center 4 Center 
Start point ' 
Start point 








Fig. 4.17 (e) Movement when the end point is not on an arc 
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4.18 SKIP FUNCTION (G31) 


Linear interpolation can be commanded by specifying axial move 
following the G31 command, like G01. If an external skip signal is 
input during the execution of this command, execution of the 
command is interrupted and the next block is executed. 

The skip function is used when the end of machining is not 
programmed but specified with a signal from the machine, for 
example, in grinding. It is used also for measuring the dimensions of a 





workpiece. 
Format 
G31 IP ; 
G31 :One-shot G code (If is effective only in the block in 
which it is specified) 
Explanation 


The coordinate values when the skip signal is turned on can be used in 
a custom macro because they are stored in the custom macro system 
variable #5061 to #5080, as follows. For systems having more than 20 
axes, #100151 to #100182 are used. 

#5061 X axis coordinate value 

#5062 Y axis coordinate value 


#5080 20th axis coordinate value 


/A\ CAUTION 
Disable feedrate override, dry run, and automatic 
acceleration/deceleration (however, these become 
available by setting the parameter SKF No.6200#7 
to 1.) when the feedrate per minute is specified, 
allowing for an error in the position of the tool when 
a skip signal is input. These functions are enabled 
when the feedrate per rotation is specified. 


NOTE 
If G31 command is issued while cutter or tool nose 
radius compensation is applied, an alarm PSO035 is 
displayed. Cancel the cutter compensation with the 
G40 command before the G31 command is 
specified. 
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Example 
- The next block to G31 is an incremental command 


G31 G91 X100.0 F100; 
Y50.0; 


Skip signal is input here 


Actual motion 


Motion without skip signal 





Fig. 4.18 (a) The next block is an incremental command 


- The next block to G31 is an absolute command for 1 axis 





G31 G90 X200.0 F100; Y100.0 
Y100.0; z 


Skip signal is input here 


+ 3®@ X200.0 


Actual motion 





aif eens Motion without skip signal 








Fig. 4.18 (b) The next block is an absolute command for 1 axis 


- The next block to G31 is an absolute command for 2 axes 
G31 G90 X200.0 F100; 
X300.0 Y100.0; 
a 


Skip signal is input here 


(300,100) 


Actual motion 


Motion without skip signal 





Fig. 4.18 (c) The next block is an absolute command for 2 axes 
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4.19 MULTI-STEP SKIP (G31) 


In a block specifying P1 to P4 after G31, the multi-step skip function 
stores coordinates in a custom macro variable when a skip signal 
(4-point or 8-point ; 8-point when a high-speed skip signal is used) is 
turned on. In the block where Q1 to Q4 are specified after G04, dwell 
can be skipped when skip signals (four or eight signals, or eight 
signals when high-speed skip signals are used) are input. 

A skip signal from equipment such as a fixed-dimension size 
measuring instrument can be used to skip programs being executed. 

In plunge grinding, for example, a series of operations from rough 
machining to spark-out can be performed automatically by applying a 
skip signal each time rough machining, semi-fine machining, 
fine-machining, or spark-out operation is completed. 


Format 





Move command 
G31 IP_F_P_; 
IP_: End point 
F_: Feedrate 
P_: P1 to P4 
Dwell 
G04X(U,P) (Q_); 
X(U,P)_ : Dwell time 
Q_ :Q1to Q4 











Explanation 

Multi-step skip is caused by specifying P1, P2, P3, or P4 in a G31 
block. For an explanation of selecting (P1, P2, P3, or P4), refer to the 
manual supplied by the machine tool builder. 

Specifying Q1, Q2, Q3, or Q4 in G04 (dwell command) enables dwell 
skip in a similar way to specifying G31. A skip may occur even if Q is 
not specified. For an explanation of selecting (Q1, Q2, Q3, or Q4), 
refer to the manual supplied by the machine tool builder. 


- Correspondence to skip signals 
Parameter Nos. 6202 to 6205 can be used to specify whether the 
4-point or 8-point skip signal is used (when a high-speed skip signal is 
used). Specification is not limited to one-to-one correspondence. It is 
possible to specify that one skip signal correspond to two or more Pn's 
or Qn's (n=1, 2, 3, 4). Also, parameters DS1 and DS8 (No. 6206#0 
and #7) can be used to specify dwell. 


/A\ CAUTION 


Dwell is not skipped when Qn is not specified and 
parameters DS1-DS8 (No. 6206#0-#7) are not set. 
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4.20 HIGH-SPEED SKIP SIGNAL (G31) 


The skip function operates based on a high-speed skip signal 
(connected directly to the NC; not via the PMC) instead of an ordinary 
skip signal. In this case, up to eight signals can be input. 

Delay and error of skip signal input is 0 - 2 msec at the NC side (not 
considering those at the PMC side). 

This high-speed skip signal input function keeps this value to 0.1 msec 
or less, thus allowing high precision measurement. 

For details, refer to the appropriate manual supplied from the machine 
tool builder. 


Format 


G31 IP ; 


G31; One-shot G code (If is effective only in the block in 
which it is specified) 
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4.21 THREE-DIMENSIONAL CIRCULAR INTERPOLATION 


Overview 


Format 


Explanation 
- G code group 


Specifying an intermediate and end point on an arc enables circular 
interpolation in a 3-dimensional space. 





The command format is as follows: 
G02.4 Xx1 Yyi Zz1 G1 Bpi ; First block (mid-point of the 
arc) 
Xx1 Yyi 2z1 Ooi Bei ; Second block (end point of 
the arc) 
a,B : Arbitrary axes other than the 3-dimensional circular 
interpolation axis (up to two axes) 
To be specified if necessary. 
G03.4 can also be specified instead of G02.4. 





G03.4 performs the same operation as G02.4. 





G02.4 and G03.4 are modal G codes of group 01. They therefore 
remain effective until another G code in group 01 is specified. 


- Start point, mid-point, and end point 





An arc in a 3-dimensional space is uniquely defined with its start point 


(current position) and a specified intermediate point and end point, as 
shown below. Two command blocks are used to define this arc. The 
first command block specifies the tool path between the start point and 
intermediate point. The second command block specifies the tool path 


between the intermediate point and end point. 


Mid-point 
(X1,Y1,2Z1) 


N 


: End point 
Start point ——» (X2,Y2,Z2) 





Fig. 4.21 (a) Start, Mid, and End Points 


If the modal code is changed by specifying a code such as G01 with 
the end point not specified, the arc cannot be obtained, and alarm 
PS5432 is issued. During MDI operation, alarm PS5432 is also 
issued if a cycle start is applied with only the mid-point specified. 
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- Movement along axes other than the 3-dimensional circular interpolation axis 


- Incremental commands 


- Direction of rotation 


- Single block 


In addition to the 3-dimensional circular interpolation axis (X/Y/Z), 
up to two arbitrary axes (a/B) can be specified at a time. If / are 
omitted from the first block (mid-point specification) and are specified 
only in the second block (end point specification), the tool moves to 
the specified point along the a/B axes during movement from the 
mid-point of the arc to the end point. If a/B are omitted from the 
second block (end point specification) and are specified only in the 
first block (mid-point specification), the tool moves to the specified 
point along the o/B axes during movement from the start point of the 
arc to the mid-point. 


With an incremental command, the position of the mid-point relative 
to the start point must be specified in the first block, and the position 
of the end point relative to the mid-point must be specified in the 
second block. 


The direction of rotation cannot be specified. The movement is the 
same regardless of whether G02.4 or G03.4 is specified. 


When operation is performed using a single block, one cycle start 
causes movement from the start point to the end point. A single-block 
stop is not performed between the first block (mid-point specification) 
and the second block (end point specification). 


- Start point assumed if 3-dimensional circular interpolations are specified 


consecutively 


- Velocity commands 


If 3-dimensional circular interpolations are specified consecutively, 
the end point in one interpolation is assumed to be the start point in 
the next interpolation. 


As the velocity command, specify the tangential velocity along the arc 
in the three-dimensional space. 
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Limitation 
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- Cases in which linear interpolation is performed 


- Whole circles 


- Compensation functions 


- Manual absolute 


- Restrictions on commands 


ef the start point, mid-point, and end-point are on the same line, 
linear interpolation is performed. 

e = If the start point coincides with the mid-point, the mid-point 
coincides with the end point, or the end point coincides with the 
start point, linear interpolation is performed up to the end point. 

e If the start point, mid-point, and end-point are on the same line 
and the end point lies between the start point and the mid-point, 
the tool first moves with linear interpolation from the start point 
to the mid-point, then returns from the mid-point to the end point 
with linear interpolation. Thus, the tool always passes through 
the specified point. 


Start point 


End point Mid-point 





A whole circle (360° arc) cannot be specified. (This corresponds to the 
case in which linear interpolation is performed, as described earlier.) 


Before using this function, cancel the compensation functions of 
group 07, such as cutter radius compensation. 


While this function is in use, manual intervention is not possible with 
the manual absolute switch set to the ON position. If intervention is 
performed, alarm PS0713 is issued when operation restarts. 


In the three-dimensional circular interpolation mode, the functions 
listed below can be used, but the states of these functions must not be 
modified. 
e Inch input/metric input (An alarm is issued if a state 
modification is made with G20 or G21.) 
Mirror image (The state of a signal must not be changed.) 
e One-digit F code feed (No feedrate change must be made using 
the manual handle.) 
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- Unusable commands 


In the three-dimensional circular interpolation mode, the functions 
listed below must not be specified. Otherwise, an alarm is issued. 


e Exponential interpolation...........cccceeceesseesseetteenteensees G02.3,G03.3 
@ Dwell ccsisseies feasidhgint ns tpeaiesta aio seaan devas ends elena G04 
e@ High-speed machining ............ceeccecsceeseeeseeeseeeseeesseeseceeeneeneeeees G05 
(Excluding GO5P10000 and GO5P0) 
@ Al contour Control 0... cccscccesceesseceesseseeseeeeees G05.1Q1,G5.1Q0 
e Hypothetical axis interpolation ..........cccecccecscesseestecsteceteeeteenteeees G07 
e@ Cylindrical interpolation ...........ccecccescceeseeeceeeeeteeeteeeteeesseesaes G07.1 
e Advanced preview Control .......cceccecccecssecsseetseessecseentecntesteeenseeses G08 
(Use AI high-precision contour control.) 
e Polar coordinate interpolation............cccceseeeteerteeeees G12.1,G13.1 
© Polar coordinate COmMANGA 20.0... eccceceesesssesceeeeseeseeeees G15,G16 
e Reference position return Check ........ccceeccecseeseeeteesteeeteeeteeneeees G27 
@ Reference position return... ceccesccesceesceseeeseeessecseeeteeeeeneeees G28 
@ 2nd reference POSitiON FEtUIN 0.0... eceecceeseeseesseeseesteceeeeeeneeeses G30 
e 3rd, 4th reference position return .........ceecesceesseesteesteeeteeeteeeteeees G30 
©: SKIP cern ccgssack Pesaetse fos ees Mea vos Soren a ecuthn Geateateaiassans cea sreancaeesas faaetee G31 
@ Threadin gis. acceded eset ec cecea ct eis ulecteneedetege tess adeietebeed G33 
e Automatic tool length measurement ......... cc eceeeeceeeereeeeeeeeeaeees G37 
e 3-dimensional cutter compensation ...........ccccecscsteesteeeteceteeeteeees G41 
@ Tool Off8et.....ccc.ccccccsccccossevscecosvessncnteteceveensoetecteces G45,G46,G47,G48 
e Programmable mirror iMage ..........cceeceesseeseetteetteeteees G50.1,G51.1 
© Local coordinate System ..........ccecccescceseceeseesceesceeseeesseenseeeseenseeees G52 
e Machine coordinate System .........ccccecsceeseesseeseeseeeneeeteceeeeeneeeses G53 
e Single direction positioning ..........ccceccceesseeseesseesecsteeeteeeteenteeees G60 
©. Tapping Mode .is.5..2asivciheesdandiielece Pau ase Wing ideeatidaddcoesadees G63 
e Macro call (Subprogram call is possible.) ...........00 G65,G66,G67 
©: Figure COPY <ssi. 2 sasssczstecioaseeasehcseataside dee tesaaatiesd ule aaees G72.1,G72.2 
e Canned cycle... ceeceeeeeeseees G73-G79,G80,G8 1-G89,G98,G99 
e Workpiece coordinate system Setting .........ccccceeseesteceteeeteeeeeeees G92 
e Workpiece coordinate system preset .......:.ccccccesceeseeteeteeeees G92.1 
@ Feed per revolution... ceccceeccessceesceeseeeseeeseeeeecseecsaeenseeneenaeenes G95 
e Constant surface speed Control .........ccccescesceeseeeteeereeeteeenes G96,G97 
@ NURBS interpolation... cc ceceecessceeseeeeceeeeeeseeeseeeseeeseeesaes G06.2 
e Workpiece coordinate system setting .........c cece G54-G59,G54.1 
e 3-dimensional coordinate CONVETSION ..........cccccceesteeeteceteeeeeeeeeeees G68 
© Coordinate system rotation ........cccecccesseesseesseesseestecstecseenteeneeaes G68 
© SCALING o5e6 cas sscrschl sactaden bees @osadeets deeieesabvscclad’ davestde ence Raeteswecss G50,G51 
e Programmable Mirror iMaZe ........ ce ceeeceeseeteetteeteeneees G50.1,G51.1 
© Exact Stop: modes .:sts cc. scestaatectacavivet aeccchuls duesidteansacebentiieentuaal G61 
e Cutter or tool nose radius compensation.....G38,G39,G40,G41,G42 
e 3-dimensional cutter compensation ........... G40,G41.2,G41.3,G42.2 
eo: Data Setting wos hersieaiishi arctan ievedntatarl ake diiisdieebiaberes G10 
@- Exact stop sciiien eeeatiietedisiiieiaaencialisiie needed deine. Gavek G09 
e Auxiliary function 
e 2nd auxiliary function 
e Spindle function 
e Tool function 


- 138 - 


B-63944EN/02 


- Unusable functions 


- Other limitations 


PROGRAMMING _4.INTERPOLATION FUNCTIONS 


If the following function is specified in the three-dimensional circular 
interpolation mode, a warning is output: 

e MDI intervention 

If any of the following functions is specified in the three-dimensional 
circular interpolation mode, the alarm (PS5196) is issued: 

e Manual operation interrupt 

e Tool retract and recover 

In the three-dimensional circular interpolation mode, the following 
functions cannot be used: 

e Sequence number comparison and stop (Stop operation cannot be 
performed with a sequence number in the three-dimensional 
circular interpolation mode.) 

Index table indexing 

Rotary axis control 

Macro executor (Execution macro) 

Manual handle interruption 

Optional chamfering/corer R 


When the following function is used, three-dimensional circular 
interpolation cannot be used: 

e Angular axis control 

A limitation may be imposed on other NC command combinations. 
See the description of each function. 
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FEED FUNCTIONS 
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5.1 OVERVIEW 





The feed functions control the feedrate of the tool. The following two 
feed functions are available: 


- Feed functions 
1. Rapid traverse 
When the positioning command (G00) is specified, the tool 
moves at a rapid traverse feedrate set in the CNC (parameter No. 
1420). 
2. Cutting feed 
The tool moves at a programmed cutting feedrate. 


- Override 
Override can be applied to a rapid traverse rate or cutting feedrate 
using the switch on the machine operator's panel. 


- Automatic acceleration/deceleration 
To prevent a mechanical shock, acceleration/deceleration is 
automatically applied when the tool starts and ends its movement (Fig. 


5.1(a)). 


Rapid traverse rate 


: Rapid traverse 
rate 

: Deceleration time 
constant for rapid 
traverse rate 


: Feedrate 

: Acceleration/ 
deceleration time 
constant for a 
cutting feedrate 





Fig. 5.1 (a) Automatic acceleration/deceleration (example) 
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- Tool path in a cutting feed 


PROGRAMMING B-63944EN/02 


When the movement direction changes between a specified block and 
the next block during cutting feed, the tool path may be rounded 
because of the relationship between the time constant and feedrate 


(Fig. 5.1(b)). 


7 Programmed path 


—- Actual tool path 





Fig. 5.1 (b) Example of tool path between two blocks 


In circular interpolation, a radial error occurs (Fig. 5.1(c)). 


Programmed path 


Actual tool path 





Fig. 5.1 (c) Example of radial error in circular interpolation 


The rounded-comer path shown in Fig. 5.1(b) and the error shown in 
Fig. 5.1 (c) depend on the feedrate. So, the feedrate needs to be 
controlled for the tool to move as programmed. 
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9.2 


Format 


Explanation 


PROGRAMMING 5.FEED FUNCTIONS 


RAPID TRAVERSE 











G00 IP_; 
G00 : G code (group 01) for positioning (rapid traverse) 
IP_ : Dimension word for the end point 





The positioning command (G00) positions the tool by rapid traverse. 
In rapid traverse, the next block is executed after the specified feedrate 
becomes 0 and the servo motor reaches a certain range set by the 
machine tool builder (in-position check). 

A rapid traverse rate is set for each axis by parameter No. 1420, so no 
rapid traverse feedrate need be programmed. 

The following overrides can be applied to a rapid traverse rate with 
the switch on the machine operator's panel:FO, 25%, 50%, 100% 

FO: Allows a fixed feedrate to be set for each axis by parameter No. 
1421. 

For detailed information, refer to the appropriate manual of the 
machine tool builder. 
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5.3 CUTTING FEED 


Overview 
Feedrate of linear interpolation (G01), circular interpolation (G02, 
G03), etc. are commanded with numbers after the F code. 
In cutting feed, the next block is executed so that the feedrate change 
from the previous block is minimized. 


Four modes of specification are available: 

1. Feed per minute (G94) 
After F, specify the amount of feed of the tool per minute. 

2. Feed per revolution (G95) 
After F, specify the amount of feed of the tool per spindle 
revolution. 

3. Inverse time feed (G93) 
Specify the inverse time (FRN) after F. 

4. One-digit F code feed 
Specify a desired one-digit number after F. Then, the feedrate set 
with the CNC for that number is set. 


Two modes of specification are available: 

1. Feed per minute (G94) 
After F, specify the amount of feed of the tool per minute. 

2. Feed per revolution (G95) 
After F, specify the amount of feed of the tool per spindle 
revolution. 


Format 


Feed per minute 
G94 ; Gcode (group 05) for feed per minute 
F_; Feedrate command (mm/min or inch/min) 
Feed per revolution 
G95 ; Gcode (group 05) for feed per revolution 
F_; Feedrate command (mm/rev or inch/rev) 


Inverse time feed (G93) 
G93 ; Inverse time feed command G code (05 
group) 
F_; Feedrate command (1/min) 
One-digit F code feed 
Fn; 
n: Number from 1 to 9 
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[7] 





Feed per minute 
G94; Gcode (group 05) for feed per minute 
Fs Feedrate command (mm/min or inch/min) 


Feed per revolution 
G95; Gcode (group 05) for feed per revolution 
Fs Feedrate command (mm/rev or inch/rev) 





Explanation 

- Direction of the cutting feedrate 
Cutting feed is controlled so that the tangential feedrate is always set 
at a specified feedrate. 








Y Y 
Start 
End point point 
F 
Center End 
Linear interpolation Circular interpolation 











Fig. 5.3 (a) Tangential feedrate (F) 


- Feed per minute 
After specifying G code for feed per minute (in the feed per minute 
mode), the amount of feed of the tool per minute is to be directly 
specified by setting a number after F. G code for feed per minute is a 
modal code. Once a G code for feed per minute is specified, it is valid 
until G code for feed per revolution (feed per revolution) is specified. 


At power-on, the feed per minute mode is set. 


At power-on, the feed per revolution mode is set. 


An override from 0% to 254% (in 1% steps) can be applied to feed per 
minute with the switch on the machine operator's panel. For detailed 
information, see the appropriate manual of the machine tool builder. 
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- Feed per revolution 
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e For milling machining 


Feed amount per minute 
(mm/min or inch/min) 


Workpiece 





e For lathe cutting 


Feed amount per minute 


x (mm/min or linch/min) 





Fig. 5.3 (b) Feed per minute 


/\ CAUTION 


No override can be used for some commands such 
as for threading. 





After specifying G code for feed per revolution (in the feed per 
revolution mode), the amount of feed of the tool per spindle revolution 
is to be directly specified by setting a number after F. G code for 
feed per revolution is a modal code. Once a G code for feed per 
revolution is specified, it is valid until G code for feed per minute 
(feed per minute) is specified. 

An override from 0% to 254% (in 1% steps) can be applied to feed per 
revolution with the switch on the machine operator's panel. For 
detailed information, see the appropriate manual of the machine tool 
builder. 


If parameter NPC (No. 1402#0) has been set to 1, feed per revolution 
commands can be specified even when a position coder is not being 
used. (The CNC converts feed per revolution commands to feed per 
minute commands.) 
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- Inverse time feed 


e For milling machining 


ies os 
Feed amount per spindle 
ft. revolution (mm/rev or inch/rev) 





e _ For lathe cutting 


Feed amount per spindle revolution 
(mm/rev or inch/rev) 





Fig. 5.3 (c) Feed per revolution 


/\ CAUTION 
When the speed of the spindle is low, feedrate 
fluctuation may occur. 
The slower the spindle rotates, the more frequently 
feedrate fluctuation occurs. 





When G code for inverse time feed is specified, the inverse time 
specification mode (G93 mode) is set. Specify the inverse time 
(FRN) with an F code. 

A value from 0.001 to 9999.999 can be specified as FRN, regardless 
of whether the input mode is inches or metric, or the increment system 
is IS-B or IS-C. 


| _Fcodespecificationvalue | FN 


F9999.999 9999.999 


NOTE 
*1 Value specified in fixed-point format with parameter 
DPI (No. 3401#0) set to 1 





2TATs 


5.FEED FUNCTIONS 


- One-digit F code feed 


PROGRAMMING B-63944EN/02 


G code for inverse time feed is a modal G code and belongs to group 
05 (includes G code for feed per revolution and G code for feed per 
minute). 

When an F value is specified in inverse time specification mode and 
the feedrate exceeds the maximum cutting feedrate, the feedrate is 
clamped to the maximum cutting feedrate. 

In the case of circular interpolation, the feedrate is calculated not from 
the actual amount of movement in the block but from the arc radius. 
This means that actual machining time is longer when the arc radius is 
longer than the arc distance and shorter when the arc radius is shorter 
than the arc distance. Inverse time feed can also be used for cutting 
feed in a canned cycle. 


NOTE 

1 Inthe inverse time specification mode, an F code is 
not handled as a modal code and therefore needs 
to be specified in each block. If an F code is not 
specified, alarm (PS0011 (indicating that cutting 
feedrate specification is missing)) is issued. 
When FO is specified in inverse time specification 


mode, alarm (PS0011 (indicating that cutting 
feedrate specification is missing)) is issued. 
Inverse time feed cannot be used when PMC axis 
control is in effect. 

If the calculated cutting feedrate is smaller than the 
allowable range, alarm (PS0011 (indicating that 
cutting feedrate specification is missing)) is issued. 





When a one-digit number from | to 9 is specified after F, the feedrate 
set for that number in a parameter (Nos. 1451 to 1459) is used. 
When FO is specified, the rapid traverse rate is applied. 
The feedrate corresponding to the number currently selected can be 
increased or decreased by turning on the switch for changing 
One-digit F feedrate on the machine operator's panel, then by rotating 
the manual pulse generator. 
The increment/decrement, AF, in feedrate per scale of the manual 
pulse generator is as follows: 
_ Fmax 
~ 100X 
Fmax: Feedrate upper limit for F1-F4 set by parameter 
(No.1460), or feedrate upper limit for F5-F9 set by 
parameter (No.1461) 
X — : Any value of 1-127 set by parameter (No.1450) 
The feedrate set or altered is kept even while the power is off. The 
current feed rate is displayed on the LCD screen. 
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- Cutting feedrate clamp 
Parameter No. 1430 can be used to specify the maximum cutting 
feedrate for each axis. When the cutting feedrate along an axis 
exceeds the maximum feedrate for the axis as a result of interpolation, 
the cutting feedrate is clamped to the maximum feedrate. 


Example 
e For linear interpolation (G01) 
FRN = 1 i gs CCaNANE 
time(min) distance 
Feedrate: mm/min (for metric input) 
inch/min (for inch input) 
Distance: mm (for metric input) 
inch (for inch input) 


- To end a block in 1 (min) 
PRs we el eg 
time(min) (min) 
Specify F1.0. 
-  Toenda block in 10 (sec) 
FRN =—__—_—_ = —_____ =6 
time(sec)/60 10/60(sec) 
Specify F6.0. 
- To find the movement time required when FO.5 is specified 


2 (min) is required. 

- To find the movement time required when F10.0 is 
specified 

TIME (min) = 102 — © _ 

FRN 10 


6 (sec) is required. 





e For circular interpolation (G02, G03) 
1 _ feedrate 
time(min) arcradius 
Feedrate: mm/min (for metric input) 
inch/min (for inch input) 
Arc radius: mm (for metric input) 
inch (for inch input) 





NOTE 
In the case of circular interpolation, the feedrate is 


calculated notfrom 
the actual amount of movement in the block but 
from the arcadias. 





Reference 
See Appendix D for range of feedrate command value. 
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5.4 CUTTING FEEDRATE CONTROL 





Cutting feedrate can be controlled, as indicated in Table 5.4 (a). 


Table 5.4 (a) Cutting Feedrate Control 


| _Functionname__| Geode | __Validity of G code 


The tool is decelerated at the end point of a 
block, then an in-position check is made. 
Then the next block is executed. 


This function is valid for 
specified blocks only. 


Once specified, this function is |The tool is decelerated at the end point of a 


valid until G62, G63, or G64 is |block, then an in-position check is made. 

specified. Then the next block is executed. 

Once specified, this function is 
Cutting mode valid until G61, G62, or G63 is 

specified. 


The tool is not decelerated at the end point of 
a block, but the next block is executed. 














The tool is not decelerated at the end point of 
a block, but the next block is executed. 

When G63 is specified, feedrate override and 
feed hold are invalid. 

When the tool moves along an inner corner 
Once specified, this function is }during cutter compensation, override is 

valid until G61, G63, or G64 is Japplied to the cutting feedrate to suppress the 
specified. amount of cutting per unit of time so that a 
good surface finish can be produced. 












Once specified, this function is 
valid until G61, G62, or G64 is 
specified. 


Automatic override for 
inner corners 


override 


This function is valid in the 
cutter compensation mode, 
regardless of the G code. 


Automatic corner 


Internal circular cutting 
feedrate change 


The internal circular cutting feedrate is 
changed. 


NOTE 
1 The purpose of in-position check is to check that 
the servo motor has reached within a specified 


range (specified with a parameter by the machine 
tool builder). 
In-position check is not performed when parameter 
NCI (No. 1601#5) is set to 1. 
2 Inner corner angle 0: 2° <0<a< 178° 
(a is a set value) 


Workpiece 





Format 
Exact stop G09 IP_; 
Exact stop mode G61; 
Cutting mode G64; 
Tapping mode G63; 
Automatic corner override G62; 
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5.4.1 Exact Stop (G09, G61), Cutting Mode (G64), Tapping Mode 
(G63) 


Explanation 


The inter-block paths followed by the tool in the exact stop mode, 
cutting mode, and tapping mode are different (Fig. 5.4.1 (a)). 





(2) ge In-position check 
~<———_ Tool path in the exact stop mode 
(1) 


Tool path in the cutting mode or tapping mode 


X 





Fig. 5.4.1 (a) Example of tool paths from block (1) to block (2) 


A\ CAUTION 


The cutting mode (G64 mode) is set at power-on or 
system clear. 
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5.4.2 Automatic Corner Override 


When cutter compensation is performed, the movement of the tool is 
automatically decelerated at an inner corner and internal circular area. 
This reduces the load on the tool and produces a smoothly machined 
surface. 


5.4.2.1 Automatic override for inner corners (G62) 


Explanation 
- Override condition 


- Override range 


When G62 is specified, and the tool path with cutter compensation 
applied forms an inner corner, the feedrate is automatically overridden 
at both ends of the corner. 

There are four types of inner corners (Fig. 5.4.2(a)). 

2°<O0<O0p<178° in Fig. 5.4.2(a)qp is a value set with parameter No. 
1711. When 09 is approximately equal to @p, the inner corner is 
determined with an error of 0.001,or less. 





1. Straight line-straight line QZ :Tool 2. Straight line-arc 
:Programmed path 
icsMinaltebicltehtet :Cutter center path 








4. Arc-arc 

















Fig. 5.4.2(a) Inner corner 


When a corner is determined to be an inner corner, the feedrate is 
overridden before and after the inner corner. The distances Ls and Le, 
where the feedrate is overridden, are distances from points on the 
cutter center path to the comer (Fig. 5.4.2(b), Fig. 5.4.2(c), Fig. 
5.4.2(d)). Ls and Le are set with parameter Nos. 1713 and 1714. 


Programmed path 
en ree 
a. ...b 


"Cutter center path 


The feedrate is overridden from point a to point b. 





Flg. 5.4.2.1 (b) Override Range (Straight Line to Straight Line) 
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- Override value 


Limitation 


PROGRAMMING 5.FEED FUNCTIONS 


When a programmed path consists of two arcs, the feedrate is 
overridden if the start and end points are in the same quadrant or in 
adjacent quadrants (Fig. 5.4.2(c)). 





The feedrate is overridden from point a to b. 
Fig. 5.4.2(c) Override Range (Arc to Arc) 


Regarding program (2) of an arc, the feedrate is overridden from point 
a to point b and from point c to point d (Fig. 5.4.2(d)). 


Programmed path 


Cutter center 





Fig. 5.4.2(d) Override Range (Straight Line to Arc, Arc to Straight Line) 


An override value is set with parameter No. 1712. An override value 
is valid even for dry run and one-digit F code feed specification. 

In the feed per minute mode, the actual feedrate is as follows: 

F = (automatic override for inner corners) x (feedrate override) 


- Acceleration/deceleration before interpolation 


- Start-up/G41, G42 


Override for inner comers is disabled during acceleration/deceleration 
before interpolation. 


Override for inner corners is disabled if the corner is preceded by a 
start-up block or followed by a block including G41 or G42. 
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- Offset 


Override for inner corners is not performed if the offset is zero. 
5.4.2.2 Internal circular cutting feedrate change 


For internally offset circular cutting, the feedrate on a programmed 
path is set to a specified feedrate (F) by specifying the circular cutting 
feedrate with respect to F, as indicated below (Fig. 5.4.2(e)). This 
function is valid in the cutter compensation mode, regardless of the 


G62 code. 
puke 
Rp 


Rc : Cutter center path radius 
Rp : Programmed radius 
It is also valid for the dry run and the one-digit F code feed command. 


Programmed 





Fig. 5.4.2(e) Internal circular cutting feedrate change 


If Re is much smaller than Rp, Re/Rp=50; the tool stops. A minimum 
deceleration ratio (MDR) is to be specified with parameter No. 1710. 
When Rce/Rp<MDR, the feedrate of the tool is (FxMDR). 


/\ CAUTION 
When internal circular cutting must be performed 
together with override for inner corners, the 
feedrate of the tool is as follows: 





R ; ’ 
Fx = x (override for the inner corners) x (feedrate override) 
DP 
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5.5 DWELL 


Format 





G04 X_; or G04 P_; 
X_: Specify a time or spindle speed (decimal point permitted) 
P_ : Specify a time or spindle speed (decimal point not 
permitted) 














G04 X_; or G04 U_; or G04P_; 
X_: Specify a time or spindle speed (decimal point permitted) 
U_ : Specify a time or spindle speed (decimal point permitted) 
P_ : Specify a time or spindle speed (decimal point not 
permitted) 











Explanation 
By specifying a dwell, the execution of the next block is delayed by 
the specified time. (Dwell per second) 
By setting bit 1 (DWL) of parameter No. 3405 in the feed per 
revolution mode, the execution of the next block is delayed until the 
rotation count of the spindle reaches the specified number. (Dwell 
per revolution) 


Table 5.5 (a) Command value range of the dwell time (Command by X or U) 


Increment system Command value range Dwell time unit 


0.01 to 999999.99 





0.001 to 99999.999 





0.0001 to 9999.9999 s or rev 


| CISD _—_ {0.00001 to 999.99999 
| CCIE _ 0.000001 to 9.999999 


Table 5.5 (b) Command value range of the dwell time (Command by P) 


1 to 99999999 0.01 s or rev 
1 to 99999999 0.001 s or rev 
1 to 99999999 0.0001 s or rev 
1 to 99999999 0.00001 s or rev 


1 to 99999999 0.000001 s or rev 
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In the case of dwell per second, the specification unit for dwell time 
specified with P can be fixed at 0.001 second by setting bit 7 (DWT) 
of parameter No. 1015 to 1. 


NOTE 

1 When X, U, or P is specified without a decimal 
point, the specification unit does not depend on 
inch/metric input. Depending on whether the X-axis 
is present, the following increment system is used: 
e When the X-axis is present 


The increment system of the X-axis is used. 
e When the X-axis is not present 
The increment system of the reference axis is 
used. 
2 When P is specified, bit 7 (IPR) of parameter No. 
1004 exercises no influence. 





Specify dwell also to make an exact check in the cutting mode (G64 
mode). 
If the specification of P and X is omitted, an exact stop occurs. 
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REFERENCE POSITION 





A CNC machine tool has a special position where, generally, the tool 
is exchanged or the coordinate system is set, as described later. This 
position is referred to as a reference position. 
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6.7 REFERENCE POSITION RETURN 





Overview 


- Reference position 
The reference position is a fixed position on a machine tool to which 
the tool can easily be moved by the reference position return function. 
For example, the reference position is used as a position at which tools 
are automatically changed. Up to four reference positions can be 
specified by setting coordinates in the machine coordinate system in 
parameters (No. 1240 to 1243). 


2nd reference position 


e 





3rd reference position 


e 





Reference position 


4th reference 
position 











Machine zero point 





Fig. 6.1 (a) Machine zero point and reference positions 


- Automatic reference position return (G28) and movement from the reference 
position (G29) 

The automatic reference position return (G28) function returns tools 
automatically to the reference position via an intermediate position 
along a specified axis. When reference position return is completed, 
the lamp for indicating the completion of reference position return 
goes on. The return from reference position (G29) function moves 
tools from the reference position to a specified position via an 
intermediate position along a specified axis. 


Automatic reference position return (G28) 


A>B->R 
Movement from the reference position (G29) 


R>BoOC yy, 


R (Reference position) 


C (Destination of return from 
A (Start position for reference the reference position) 
position return) 





Fig. 6.1 (b) Reference position return and return form the reference position 


- 158 - 


B-63944EN/02 PROGRAMMING 6.REFERENCE POSITION 


- Reference position return check (G27) 
The reference position return check (G27) is the function which 
checks whether the tool has correctly returned to the reference 
position as specified in the program. If the tool has correctly 
returned to the reference position along a specified axis, the lamp for 
the axis for indicating the completion of reference position return goes 
on. 
If the tool has not reached the reference position, an alarm (PS0092) 
"ZERO RETURN CHECK (G27) ERROR" is issued. 
When no movement was made along the axis, whether the current 
position is the reference position is checked. 


Format 
- Automatic reference position return and 2nd/3rd/4th reference position return 





G28 IP_; Reference position return 
G30 P2 IP_; 2nd reference position return (P2 can be 
omitted.) 

G30 P3 IP_; 3rd reference position return 

G30 P4 IP_; 4th reference position return 

IP: Specify the intermediate position in the absolute 
coordinate system. 
(absolute/incremental command) 

There is no need to calculate an actual travel distance 

between the intermediate position and the reference position. 











- Movement from reference position 





G29 IP_; 

IP: Specify the destination of return from the reference 
position in the absolute coordinate system. 
(absolute/incremental command) 

The intermediate position is determined by G28, G30, or 
G30.1 specified immediately before this command. 











- Reference position return check 





G27 IP_; 

IP: Specify positioning to the reference position in the 
absolute coordinate system so as to return to the 
reference position. (absolute/incremental command) 
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Explanation 


- Automatic reference position return (G28) 
Positioning to the intermediate or reference positions are performed at 
the rapid traverse rate of each axis. 
Therefore, for safety, the compensation functions, such as the cutter 
compensation and tool length compensation, should be cancelled 
before executing this command. 
The coordinates for the intermediate position are stored in the CNC 
for the axes for which a value is specified in a G28 block. For the 
other axes, the previously specified coordinates are used. 


(Example) 

N1 G28 X40.0; 

(The tool moves to the reference position along the X-axis and 
the intermediate position (X40.0) is stored.) 

N2 G28 Y60.0; 

(The tool moves to the reference position along the Y-axis and 
the intermediate position (Y60.0) is stored.) 

N3 G29 X10.0 Y20.0 ; 

(The tool moves to the position specified with G29 via the 
intermediate position (X40.0 Y60.0) previously specified with 
G28 along the X-axis and Y-axis.) 








- 2nd, 3rd, and 4th reference position return (G30) 
The 2nd, 3rd, and 4th reference position return (G30) function can be 
used after the reference positions are established. 
The G30 command is generally used when the automatic tool changer 
(ATC) position differs from the reference position. 


- Movement from the reference position (G29) 
This function is executed after the tool is returned to the reference 
position by G28 or G30. 
For incremental programming, the command value specifies the 
incremental value from the intermediate point. 
The tool moves to the intermediate and specified positions at the 
feedrate specified with a parameter. 
When the workpiece coordinate system is changed after the tool 
reaches the reference position through the intermediate point by the 
G28 command, the intermediate point also shifts to a new coordinate 
system. If G29 is then commanded, the tool moves to the 
commanded position through the intermediate point which has been 
shifted to the new coordinate system. 
The same operations are performed also for G30 and G30.1 
commands. 
After the power is turned on, an alarm (PS0305) is issued if an attempt 
is made to execute G29 (movement from the reference position) 
before G28 (automatic reference position return), G30 (2nd, 3rd, and 
4th reference position return), or G30.1 (floating reference position 
return) is executed. 
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- Reference position return check (G27) 
G27 command positions the tool at rapid traverse rate. If the tool 
reaches the reference position, the lamp for indicating the completion 
of reference position return lights up. 
When the tool returns to the reference position along only one axis, 
the lamp for the axis for indicating the completion of reference 
position return lights up. 
After positioning, if the tool has not reached the reference position 
along a specified axis, an alarm (PS0092) "ZERO RETURN CHECK 
(G27) ERROR" is issued. 
When no movement was made along the axis, whether the current 
position is the reference position is checked. 


- Setting of the reference position return feedrate 

Before a coordinate system is established with the first reference 
position return after power-on, the manual and automatic reference 
position return feedrates and automatic rapid traverse rate conform to 
the setting of parameter No. 1428 for each axis. 

After a reference position is established upon the completion of 
reference position return, the manual reference position return feedrate 
conforms to the setting of the parameter No. 1428 for each axis. 
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NOTE 
1 To this feedrate, a rapid traverse override 


(F0,25,50,100%) is applied, for which the setting is 
100%. 

After a reference position has been established upon 
the completion of reference position return, the 
automatic reference position return feedrate will 
conform to the ordinary rapid traverse rate. 

When a value is set for parameter No. 1428, the 
feedrates conform to the parameter settings shown 


below. 


Automatic reference 
position return (G28) 


Before a coordinate 
system is established 


No. 1428 


After a coordinate 
system is established 


No.1420 





Automatic rapid 
traverse (GOO) 


No.1428 


No.1420 





Manual reference 
position return (*1) 


No.1428 


No.1428 (*3) 





Manual rapid traverse 
rate 





No.1423 (*2) 





1420: Rapid traverse rate 

1423: Jog feedrate 

1424: Manual rapid traverse rate 
1428: Reference position return feedrate 





No.1424 


When parameter No. 1428 is set to 0, the feedrates 
conform to the parameter settings shown below. 


Automatic reference 
position return (G28) 


Before a coordinate 
system is established 


No. 1420 


After a coordinate 
system is established 


No.1420 





Automatic rapid 


traverse (GOO) 


No.1420 


No.1420 





Manual reference 
position return (*1) 


No.1424 


No.1424 (*3) 





Manual rapid traverse 
rate 





No.1423 (*2) 








No.1424 


*1 By using JZR (bit 2 of parameter No. 1401), the 
manual reference position return feedrate can 


always be set as a jog feedrate. 


*2 When RPD (bit 0 of parameter No. 1401) is 1, 


the setting of parameter No. 1424 (manual rapid 
traverse rate) is used. 

When the setting of parameter No. 1424 
(manual rapid traverse rate) is 0, parameter No. 
1420 (rapid traverse rate) is used. 

*3. When reference position return without dogs is 
performed in rapid traverse mode, or when 
manual reference position return is performed in 
rapid traverse mode regardless of deceleration 
dogs after a reference position is established, 
the reference position return feedrate for each of 
these functions (setting of DLF (bit 1 of 
parameter No. 1404)) is used. 
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- Status the machine lock being turned on 


The lamp for indicating the completion of reference position return 
does not go on when the machine lock is turned on, even when the 
tool has automatically returned to the reference position. In this case, 
it is not checked whether the tool has returned to the reference 
position even when a reference position return check command is 
specified. 


- When automatic reference position return (G28) is executed if no reference 


position is established 


When automatic reference position return (G28) is executed if no 
reference position is established, movement from the intermediate 
position in a reference position direction is the same as that in manual 
reference position return. 

(This movement is referred to as a low-speed type of automatic 
reference position return (G28).) 

In this case, the tool moves in the direction for reference position 
return specified in parameter ZMIx (bit 5 of No. 1006). Therefore 
the specified intermediate position must be a position to which 
reference position return is possible. 


NOTE 
When automatic reference position return (G28) is 
executed after a reference position is established, 


positioning is performed from the intermediate 
position to the reference position. This movement is 
referred to as a high-speed type of automatic 
reference position return (G28). 





- Reference position return check in an offset mode 


In an offset mode, the position to be reached by the reference position 
return check is the position obtained by adding the offset value. 
Therefore, if the position with the offset value added is not the 
reference position, the lamp for indicating the completion of reference 
position return does not light up, but an alarm is displayed instead. 
Usually, cancel offsets before G27 is commanded. 


- Lighting the lamp when the programmed position does not coincide with the 


reference position 


When the machine tool system is an inch system with metric input, the 
lamp for indicating the completion of reference position return may 
also light up even if the programmed position is shifted from the 
reference position by the least setting increment. This is because the 
least setting increment of the machine tool system is smaller than its 
least command increment. 
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Example 

G28G90X1000.0Y500.0 ; 
(Programs movement from A to B. The tool moves to 
reference position R via intermediate position B.) 

T1111; 
(Changing the tool at the reference position) 

G29X1300.0Y200.0 ; 
(Programs movement from B to C. The tool moves from 
reference position R to C specified with G29 via intermediate 
position B.) 





y | Automatic reference position return (G28) R (Reference position) 
A>B>R 
Movement from the reference position (G29) 
R>BOC 


B (Intermediate , 
position) 


C (Destination of return from the 
reference position) 


A (Start position for reference 
position return) 


1000 1300 





Fig. 6.1 (c) Reference position return and movement from the reference position 
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Format 


Explanation 


PROGRAMMING 6.REFERENCE POSITION 


FLOATING REFERENCE POSITION RETURN (G30.1) 


Tools ca be returned to the floating reference position. 

A floating reference point is a position on a machine tool, and serves 
as a reference point for machine tool operation. 

A floating reference point need not always be fixed, but can be moved 
as required. 





G30.1 IP_; 

IP_: Specify the intermediate position to the floating 
reference position in the absolute coordinate system. 
(absolute/incremental command) 











Generally speaking, on a machining center or milling machine, cutting 
tools can be replaced only at specific positions. A position where tools 
can be replaced is defined as the second or third reference point. Using 
G30 can easily move the cutting tools back to these points. 

On some machine tools, the cutting tools can be replaced at any 
position unless they interfere with the workpiece. With these 
machines, the cutting tools should be replaced at a position as close to 
the workpiece as possible so as to minimize the machine cycle time. 
For this purpose, the tool change position is to be changed, depending 
on the figure of the workpiece. This operation can easily be 
performed using this function. 

That is, a tool change position suitable for the workpiece is 
memorized as a floating reference point. Then command G30.1 can 
easily cause return to the tool change position. 

A floating reference point becomes a machine coordinate position 
memorized by pressing the soft key [SET FRP] on the current 
positions display screen. The coordinates of the floating reference 
position are stored with parameter No. 1244. 

The G30.1 block first positions the tool at the intermediate point along 
the specified axes at rapid traverse rate, then further moves the tool 
from the intermediate point to the floating reference point at rapid 
traverse rate. Before using G30.1, cancel the compensation functions, 
such as cutter compensation and tool length compensation. 

A floating reference point is not lost even if power is turned off. 

The function for movement from the reference position (G29) can be 
specified for moving the tool from the floating reference position. 
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G30.1 G90 X50.0 Y40.0 ; 


Intermediate position (50,40) 
o—_—_® 


Pi Floating reference 
position 


Workpiece 
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COORDINATE SYSTEM 





By teaching the CNC a desired tool position, the tool can be moved to 
the position. Such a tool position is represented by coordinates in a 
coordinate system. Coordinates are specified using program axes. 
When three program axes, the X-axis, Y-axis, and Z-axis, are used, 
coordinates are specified as follows: 


This command is referred to as a dimension word. 
e For milling machining (Tool position specified by 
X40.0Y50.0Z25.0 ) 





e __ For lathe cutting (Tool position specified by X50.0 Z40.0) 





Zero point 








Coordinates are specified in one of following three coordinate 
systems: 

(1) Machine coordinate system 

(2) Workpiece coordinate system 

(3) Local coordinate system 

The number of the axes of a coordinate system varies from one 
machine to another. So, in this manual, a dimension word is 
represented as IP_. 
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7.1 MACHINE COORDINATE SYSTEM 





The point that is specific to a machine and serves as the reference of 
the machine is referred to as the machine zero point. A machine tool 
builder sets a machine zero point for each machine. 

A coordinate system with a machine zero point set as its origin is 
referred to as a machine coordinate system. 

A machine coordinate system is set by performing manual reference 
position return after power-on (see III-3.1). A machine coordinate 
system, once set, remains unchanged until the power is turned off. 

The reference position is not always the origin of the machine 
coordinate system. 

(See "Setting a machine coordinate system" described later.) 


Format 





(G90)G53 IP_; 
IP_: Absolute dimension word 














G53 IP_; 
IP_: Absolute dimension word 











Explanation 


- Selecting a machine coordinate system (G53) 

When a command is specified the position on a machine coordinate 
system, the tool moves to the position by rapid traverse. G53, which 
is used to select a machine coordinate system, is a one-shot G code; 
that is, it is valid only in the block in which it is specified on a 
machine coordinate system. Specify an absolute command for G53. 
When an incremental command is specified, the G53 command is 
ignored. When the tool is to be moved to a machine-specific position 
such as a tool change position, program the movement in a machine 
coordinate system based on G53. 


Limitation 

- Cancel of the compensation function 
When the G53 command is specified, cancel the compensation 
functions such as the cutter compensation, tool length compensation, 
tool nose radius compensation, and tool offset. 
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- G53 specification immediately after power-on 
Since the machine coordinate system must be set before the G53 
command is specified, at least one manual reference position return or 
automatic reference position return by the G28 command must be 
performed after the power is turned on. This is not necessary when 
an absolute-position detector is attached. 


- Specification in the same block 


Commands G50/G51, G50.1/G51.1, and G68/G69 cannot be specified 
in the same block where the G53 command is specified. 


Gg 





Commands G50/G51 (except for G code system A), G50.1/G51.1, and 
G68.1/G69.1 cannot be specified in the same block where the G53 
command is specified. 


Reference 


- Setting a machine coordinate system 
When manual reference position return is performed after power-on, a 
machine coordinate system is set so that the reference position is at the 
coordinate values of (a, B) set using parameter No. 1240. 


Machine coordinate system 


Machine zero point a 


Reference position 
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7.2 


Overview 


7.2.1 


Format 


WORKPIECE COORDINATE SYSTEM 


A coordinate system used for machining a workpiece is referred to as 
a workpiece coordinate system. A workpiece coordinate system is to 
be set with the CNC beforehand (setting a workpiece coordinate 
system). 

A machining program sets a workpiece coordinate system (selecting a 
workpiece coordinate system). 

A set workpiece coordinate system can be changed by shifting its 
origin (changing a workpiece coordinate system). 


Setting a Workpiece Coordinate System 


A workpiece coordinate system can be set using one of three methods: 


(1) 


(2) 


(3) 


Method using a workpiece coordinate system setting G code 
A workpiece coordinate system is set by specifying a value in the 
program after a workpiece coordinate system setting G code. 


Automatic setting 

If bit 0 of parameter ZPR No. 1201 is set to 1, a workpiece 
coordinate system is automatically set when manual reference 
position return is performed (see II-3.1.). 

This function is, however, disabled when the workpiece 
coordinate system option is being used. 


Method using a workpiece coordinate system selection G code 
Six workpiece coordinate systems can be set beforehand using 
the MDI panel. Program commands G54 to G59 can be used to 
select the workpiece axis to be used. (see II-12.3.4.) 


When using an absolute command, establish the workpiece coordinate 
system in any of the above ways. 


- Setting a workpiece coordinate system 


CI 





(G90) G92 IP_ 











G50 IP_ 
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Explanation 


Example 


(Example 1) 


Z 


23.0 





Setting the coordinate 
G92X25.2Z23.0; command (The tool tip is the start 
point for the program.) 


25.2 


PROGRAMMING 7.COORDINATE SYSTEM 


A workpiece coordinate system is set so that a point on the tool, such 
as the tool tip, is at specified coordinates. 


If a coordinate system is set using G92 during tool length offset, a 
coordinate system in which the position before offset matches the 
position specified in G92 is set. Cutter compensation is cancelled 
temporarily with G92. 


If IP_ is an incremental command value, the workpiece coordinate 
system is defined so that the current tool position coincides with the 
result of adding the specified incremental value to the coordinates of 
the previous tool position. If a coordinate system is set using G50 
during offset, a coordinate system in which the position before offset 
matches the position specified in GSO is set. 


(Example 2) 
Setting the coordinate system by the G92X600.0Z1200.0; command (The 
base point on the tool holder is the start point for the program.) 


Z 


by _ the 


Base point 











1200.0 


Ilf an absolute command is issued, the 
base point moves to the commanded 
position. In order to move the tool tip to 
the commanded position, the difference 
from the tool tip to the base point is 
compensated by tool length offset (see II- 
14.1). 





X 








0 600.0 
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[| 





(Example 1) (Example 2) 

Setting the coordinate system by the G50X128.7Z375.1; Setting the coordinate system by the G50X1200.0Z700.0; 
command (Diameter designation) (The tool nose is the command (Diameter designation) (The base point on the turret is 
start point for the program.) the start point for the program.) 









Start point 
a (base point) 
Start point 





Origin 








/A\ CAUTION 


The set workpiece coordinate system depends on 
diameter programming or radius programming. 
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7.2.2 Selecting a Workpiece Coordinate System 


The user can choose from set workpiece coordinate systems as 
described below. (For information about the methods of setting, see 
W724 


(1) Once a workpiece coordinate system is set by a workpiece 
coordinate system setting G code or by automatic workpiece 
coordinate system setting, absolute commands indicate positions 
in the workpiece coordinate system. 


(2) Choosing from six workpiece coordinate systems set using the 
MDI panel 
By specifying a G code from G54 to G59, one of the workpiece 
coordinate systems | to 6 can be selected. 
G54: Workpiece coordinate system | 
G55: Workpiece coordinate system 2 
G56: Workpiece coordinate system 3 
G57: Workpiece coordinate system 4 
G58 : Workpiece coordinate system 5 
G59 : Workpiece coordinate system 6 
Workpiece coordinate system 1 to 6 are established after 
reference position return after the power is turned on. When the 
power is turned on, G54 coordinate system is selected. 


When bit 2 (G92) of parameter No. 1202 is set to 1, executing the 
workpiece coordinate system setting G92 code command results in the 
issue of an alarm PSO0010. This is designed to prevent the user from 
confusing coordinate systems. 


/A\ CAUTION 


The set workpiece origin offset value depends on 
diameter programming or radius programming. 





Example 
G90 G55 GOO X40.0 Y100.0 ; 
Y 


Workpiece coordinate system 2 (G55) 


In this example, positioning is made to 
positions (X=40.0, Y=100.0) in workpiece 
coordinate system 2. 














Fig. 7.2.2 (a) 
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7.2.3. Changing Workpiece Coordinate System 


The six workpiece coordinate systems specified with G54 to G59 can 
be changed by changing an external workpiece origin offset value or 
workpiece origin offset value. 

Three methods are available to change an external workpiece origin 
offset value or workpiece origin offset value. 


(1) Inputting from the MDI panel (see III-12.3.4) 


(2) Programming (using a programmable data input G code or a 
workpiece coordinate system setting G code) 


(3) Using the external data input function 
An external workpiece origin offset value can be changed by 
input signal to CNC. Refer to machine tool builder's manual for 
details. 


Workpiece Workpiece Workpiece Workpiece 
coordinate system 1 | coordinate system 2] coordinate system 3 | coordinate system 4 
(G54) (G55) (G56) (G57) 


Workpiece coordinate 
system 5 (G58) 


© 


Machine zero point Workpiece coordinate 
system 6 (G59) 


EXOFS : External workpiece origin offset value 
ZOFS1 to ZOFS6 : Workpiece origin offset value 





Fig. 7.2.3 (a) Changing an external workpiece origin offset value or workpiece origin offset value 


Format 
- Changing by inputting programmable data 





G10 L2 Pp IP_; 
p=0 : External workpiece origin offset value 
p=1to6 : Workpiece origin offset value correspond to 
workpiece coordinate system 1 to 6 

IP_ : For an absolute command, workpiece origin offset for 
each axis. 
For an incremental command, value to be added to 
the set workpiece origin offset for each axis (the result 
of addition becomes the new workpiece origin offset). 
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- Changing by setting a workpiece coordinate system 


CI 
[| 








G92 IP_; 




















G50 IP_; 





Explanation 

- Changing by inputting programmable data 
By specifying a programmable data input G code, the workpiece 
origin offset value can be changed for each workpiece coordinate 
system. 


- Changing by setting a workpiece coordinate system 

By specifying a workpiece coordinate system setting G code, the 
workpiece coordinate system (selected with a code from G54 to G59) 
is shifted to set a new workpiece coordinate system so that the current 
tool position matches the specified coordinates (IP_). 

Then, the amount of coordinate system shift is added to all the 
workpiece origin offset values. This means that all the workpiece 
coordinate systems are shifted by the same amount. 


/\ CAUTION 
When a coordinate system is set with workpiece 
coordinate system setting G92 code command 
after an external workpiece origin offset value is 


set, the coordinate system is not affected by the 
external workpiece origin offset value. When 
G92X100.0Z80.0; is specified, for example, the 
coordinate system having its current tool reference 
position at X = 100.0 and Z = 80.0 is set. 








If IP is an incremental command value, the workpiece coordinate 
system is defined so that the current tool position coincides with the 
result of adding the specified incremental value to the coordinates of 
the previous tool position. (Coordinate system shift) 
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Example 


G54 workpiece coordinate system 


& ar If G92X100Y 100; is commanded when the tool is positioned 
Tool position at (200, 160) in G54 mode, workpiece coordinate system 1 
(X' - Y') shifted by vector A is created. 


New workpiece coordinate system 


x Original workpiece coordinate system 


G54 workpiece coordinate system Suppose that a G54 workpiece coordinate 
system is specified. Then, a G55 workpiece 
coordinate system where the black circle on 
the tool (figure at the left) is at (600.0,1200.0) 
can be set with the following command if the 
relative relationship between the G54 
workpiece coordinate system and G55 
workpiece coordinate system is set correctly: 
G92X600.02Z1200.0; 

Also, suppose that pallets are loaded at two 
different positions. If the relative 
relationship of the coordinate systems of the 
pallets at the two positions is correctly set by 
handling the coordinate systems as the G54 
workpiece coordinate system and G55 
workpiece coordinate system, a coordinate 
system shift with G92 in one pallet causes 
the same coordinate system shift in the other 
pallet. This means that workpieces on two 
pallets can be machined with the same 
program just by specifying G54 or G55. 


G55 workpiece coordinate system 


New workpiece coordinate system 
Original workpiece coordinate system 
A: Offset value created by G92 
B : Workpiece origin offset value in the G54 
C : Workpiece origin offset value in the G55 
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Example 





X x' 
G54 workpiece coordinate system 





If G50X100Z100; is commanded when the tool is 


160 EL  ~— ‘100 _f------------- ) Tool position positioned at (200, 160) in G54 mode, workpiece 
coordinate system 1 (X' - Z’) shifted by vector A is 
created. 


60 z' Newworkpiece coordinate system 


Z Original workpiece coordinate system 








Suppose that a G54 workpiece coordinate 
system is specified. Then, a G55 
workpiece coordinate system where the 
black tool nose point on the tool (figure at 
the left) is at (600.0,1200.0) can be set 
with the following command if the relative 
relationship between the G54 workpiece 
coordinate system and G55 workpiece 
coordinate system is set correctly: 
G50X600.0Z1200.0; 
Also, suppose that loading is performed at 
two different places and that the G54 and 
G55 workpiece coordinate systems are 
set for these two places. If the relative 
relationship between the coordinate 
systems in the two places is correctly set, 
a coordinate system shift with G50 in one 
loading place causes the same 
coordinate system shift in the other 
loading place. This means that 
workpieces on the two loading positions 
.. New workpiece coordinate system can be machined with the same program 
Original workpiece coordinate system just by specifying G54 or G55. 
A: Offset value created by G50 
B : Workpiece origin offset value in G54 
C : Workpiece origin offset value in G55 


G54 workpiece coordinate system 


G55 workpiece coordinate system 
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7.2.4  Workpiece Coordinate System Preset (G92.1) 


The workpiece coordinate system preset function presets a workpiece 
coordinate system shifted by manual intervention to the pre-shift 
workpiece coordinate system. The latter system is displaced from 
the machine zero point by a workpiece origin offset value. 

There are two methods for using the workpiece coordinate system 
preset function. One method uses a programmed command. The 
other uses MDI operations on the absolute position display screen, 
relative position display screen, and overall position display screen 
(see II-12.1.4). 


Format 





G92.1 IP 0; 
IP 0 : Specifies axis addresses subject to the workpiece 
coordinate system preset operation. Axes that are not 
specified are not subject to the preset operation. 














G92.1 IP 0; (G50.3 IPO ; for G code system A) 
IP 0: Specifies axis addresses subject to the workpiece 
coordinate system preset operation. Axes that are not 
specified are not subject to the preset operation. 











Explanation 

When manual reference position return operation is performed in the 
reset state, a workpiece coordinate system is shifted by the workpiece 
origin offset value from the machine coordinate system zero point. 
Suppose that the manual reference position return operation is 
performed when a workpiece coordinate system is selected with G54. 
In this case, a workpiece coordinate system is automatically set which 
has its origin displaced from the machine zero point by the G54 
workpiece origin offset value; the distance from the origin of the 
workpiece coordinate system to the reference position represents the 
current position in the workpiece coordinate system. 


G54 workpiece coordinate system 


GSA workpiece Workpiece origin 


origin offset value 


coe 


Machine zero point 


+o- Reference position 
I 


Manual reference position return 
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If an absolute position detector is provided, the workpiece coordinate 
system automatically set at power-up has its origin displaced from the 
machine zero point by the G54 workpiece origin offset value. The 
machine position at the time of power-up is read from the absolute 
position detector and the current position in the workpiece coordinate 
system is set by subtracting the G54 workpiece origin offset value 
from this machine position. The workpiece coordinate system set by 
these operations is shifted from the machine coordinate system using 
the commands and operations listed below. 


(a) Manual intervention performed when the manual absolute signal 
is off 

(b) Move command executed in the machine lock state 

(c) Movement by handle interruption 

(d) Operation using the mirror image function 

(e) Shifting the workpiece coordinate system by setting the local 
coordinate system or workpiece coordinate system 


In the case of (a) above, the workpiece coordinate system is shifted by 
the amount of movement during manual intervention. 







G54 workpiece 
coordinate system before 
manual intervention 





Amount of 
movement during 
manual intervention 













Workpiece origin = 


offset ea 


© 


Machine zero point 






G54 workpiece coordinate 
system after manual 
intervention 







Pn 








In the operation above, a workpiece coordinate system once shifted 
can be preset using G code (G92.1) specification or MDI operation to 
a workpiece coordinate system displaced by a workpiece origin offset 
value from the machine zero point. 

Bit 3 (PPD) of parameter No. 3104 specifies whether to preset relative 
coordinates (RELATIVE) as well as absolute coordinates. 

When no workpiece coordinate system option (G54 to G59) is 
selected, the workpiece coordinate system is preset to the coordinate 
system with its origin placed at the reference position. 
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- Cutter or tool nose radius compensation, tool length compensation, tool offset 


- Tool length compensation 


- Program restart 


- Prohibited modes 


When using the workpiece coordinate system preset function, cancel 
compensation modes: cutter or tool nose radius compensation, tool 
length compensation, and tool offset. If the function is executed 
without canceling these modes, compensation vectors are cancelled. 


When using the workpiece coordinate system preset function, cancel 
tool length compensation. If the function is executed without 
canceling these modes, compensation vectors are cancelled. 


The workpiece coordinate system preset function is not executed 
during program restart. 


Do not use the workpiece coordinate system preset function when the 
scaling, coordinate system rotation, programmable image, or figure 
copy mode is set. 
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7.2.5 Addition of Workpiece Coordinate System Pair (G54.1 or G54) 


Format 


Besides the six workpiece coordinate systems (standard workpiece 
coordinate systems) selectable with G54 to G59, 48 or 300 additional 
workpiece coordinate systems (additional workpiece coordinate 
systems) can be used. 


- Selecting the additional workpiece coordinate systems 





G54.1Pn ; or G54Pn ; 
Pn : Codes specifying the additional workpiece coordinate 
systems 
n :1to48or1 to 300 











- Setting the workpiece origin offset value in the additional workpiece coordinate 


systems (G10) 


Explanation 





G10L20Pn IP_; 
Pn : Codes specifying the workpiece coordinate system for 
setting the workpiece origin offset value 
n :1to48or1 to 300 
IP_ : Axis addresses and a value set as the workpiece 
origin offset 











- Selecting the additional workpiece coordinate systems 


When a P code is specified together with G54.1 (G54), the 
corresponding coordinate system is selected from the additional 
workpiece coordinate systems (1 to 48 or 1 to 300). 

A workpiece coordinate system, once selected, is valid until another 
workpiece coordinate system is selected. Standard workpiece 
coordinate system | (selectable with G54) is selected at power-on. 
G54.1 Plo... Additional workpiece coordinate system | 

G54.1 P2......... Additional workpiece coordinate system 2 


G54.1 P48 ....... Additional workpiece coordinate system 48 


G54.1 P300..... Additional workpiece coordinate system 300 
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As with the standard workpiece coordinate systems, the following 
operations can be performed for a workpiece origin offset in an 
additional workpiece coordinate system: 


(1) The workpiece origin offset value setting screen can be used to 
display and set a workpiece origin offset value. 

(2) The G10 function enables a workpiece origin offset value to be 
set by programming (refer to II-7.2.3). 

(3) A custom macro allows a workpiece origin offset value to be 
handled as a system variable. 

(4) Workpiece origin offset data can be entered or output as external 
data. 

(5) The PMC window function enables workpiece origin offset data 
to be read as program command modal data. 


- Setting the workpiece origin offset value in the additional coordinate systems 


(G10) 


Limitation 
- Specifying P codes 


When a workpiece origin offset value is specified using an absolute 
value, the specified value is the new offset value. When it is 
specified using an incremental value, the specified value is added to 
the current offset value to obtain a new offset value. 


A P code must be specified after G54.1 (G54). If G54.1 is not 
followed by a P code in the same block, additional workpiece 
coordinate system 1 (G54.1P1) is assumed. 
If a value not within the specifiable range is specified in a P code, an 
alarm PS0030 is issued. 
P codes other than workpiece offset numbers cannot be specified in a 
G54.1 (G54) block. 

Example 1) G54.1G04P1000; 

Example 2) G54.1M98P48; 
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7.2.6 Automatic Coordinate System Setting 


When ZPR (bit 0 of parameter No. 1201) for automatic coordinate 
system setting is 1, a coordinate system is automatically determined 
when manual reference position return is performed. 

Once a, B, and y are set with parameter No. 1250, a workpiece 
coordinate system is set upon reference position return so that the base 
point on the tool holder or the tip of the basic tool is positioned at X = 
a, Y =f, and Z=y. 

This processing occurs as if the following are specified at the 
reference position: 


G92XaYBZy; 


GS50XaZy; 


This function cannot be used, however, when the workpiece 
coordinate system option is selected. 


When the setting of a workpiece coordinate system shift amount is 
other than 0, a workpiece coordinate system shifted by the amount is 
set. 
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7.2./  Workpiece Coordinate System Shift 


Explanation 
When the coordinate system actually set by the G50 command or the 
automatic system setting deviates from the programmed workpiece 
system, the set coordinate system can be shifted (see HI-3.1). 
Set the desired shift amount in the workpiece coordinate system shift 
memory. 





X-Z : Coordinate system in programming 
x-z : Current set coordinate system with shift amount 0 
(coordinate system to be modified by shifting) 


Set the shift amount from O' to O in the workpiece coordinate system shift memory. 





Fig. 7.2.7 (a) Workpiece coordinate system shift 


Format 
- Changing the workpiece coordinate system shift amount 
G10 PO IP_; 
IP : Settings of an axis address and a workpiece coordinate 
system shift amount 














/\ CAUTION 
A single block can contain a combination of X, Y, Z, 


C, U, V, W, and H (in G code system A). In this 
case, if commands are specified for the same axis, 
whichever appears later becomes valid. 
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Limitation 

- Shift amount and coordinate system setting command 
Specifying a coordinate system setting command (G50 or G92) 
invalidates the shift amount that has already been set. 
Example) When G50X100.0Z80.0; is specified, a coordinate system 
is set so that the current base position of the tool is at X =100.0 and Z 
= 80.0, regardless of which value has been set for the workpiece 
coordinate system shift amount. 


- Shift amount and coordinate system setting 
After a shift amount is set, when automatic coordinate system setting 
is performed upon manual reference position return, the set coordinate 
system is immediately shifted by the set amount. 


- Diameter and radius values 
The workpiece coordinate system shift amount depends on diameter 
programming or radius programming. 


Example) Although the base point should be positioned at X = 
120.0 (diameter value) and Z = 70.0 from the workpiece 
origin, the actual position is at X = 6121.0 and Z = 69.0 
from the origin. Set a shift amount as shown below: 
X=1.0, Z=-1.0 


Start point = base 
wy point 


YL, 
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7.3 LOCAL COORDINATE SYSTEM 





When a program is created in a workpiece coordinate system, a child 
workpiece coordinate system can be set for easier programming. 
Such a child coordinate system is referred to as a local coordinate 














system. 
Format 
G52 IP_; Setting the local coordinate system 
G52 1P0; Canceling of the local coordinate system 
IP_ : Origin of the local coordinate system 
Explanation 


By specifying G52 IP_;, a local coordinate system can be set in all the 
workpiece coordinate systems (G54 to G59). The origin of each 
local coordinate system is set at the position specified by IP__ in the 
workpiece coordinate system. 

Once a local coordinate system is established, the coordinates in the 
local coordinate system are used in an axis shift command. The local 
coordinate system can be changed by specifying the G52 command 
with the origin of a new local coordinate system in the workpiece 
coordinate system. 

To cancel the local coordinate system or specify the coordinate value 
in the workpiece coordinate system, match the origin of the local 
coordinate system with that of the workpiece coordinate system. 


(Local coordinate system) 


(G59: Workpiece coordinate 
system 6) 


(Machine coordinate system) 
Machine coordinate system zero point 


Reference position 





Fig. 7.3 (a) Setting the local coordinate system 
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/A\ CAUTION 


1 


When ZCL (bit 2 of parameter No.1201) is set to 1 
and an axis returns to the reference position by the 
manual reference position return function, the 
origin of the local coordinate system of the axis 
matches that of the workpiece coordinate system. 
The same is true when the following command is 
issued: 

G52a0; 

a: Axis which returns to the reference position 
The local coordinate system setting does not 
change the workpiece and machine coordinate 
systems. 

Whether the local coordinate system is canceled at 
reset depends on the parameter setting. The local 
coordinate system is canceled when either CLR, 
bit 6 of parameter No.3402 or RLC, bit 3 of 
parameter No.1202 is set to 1. In 
three-dimensional coordinate conversion mode, 
however, the local coordinate system is not 
canceled when D8R (bit 2 of parameter No. 5400) 
is set to 1. 

When a workpiece coordinate system is set with 
the G92 (G50 for G code system A in the T series) 
command, the local coordinate system is canceled. 
However, the local coordinate system of an axis for 
which no coordinate system is specified in a G92 
(G50 for G code system A in the T series) block 
remains unchanged. 

G52 cancels the offset temporarily in cutter or tool 
nose radius compensation. 

Command a move command immediately after the 
G52 block in the absolute mode. 
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7.4 PLANE SELECTION 


Select the planes for circular interpolation, cutter compensation, and 
drilling by G-code. 
The following table lists G-codes and the planes selected by them. 


Explanation 
Table 7.4 (a) Plane selected by G code 


| Geode |Selectedplane| Xp | Yep | Zp 


Xp Yp plane X-axis or an | Y-axis oran | Z-axis or an 
Zp Xp plane _ |axis parallel to|axis parallel to}axis parallel to 
Yp Zp plane it it it 


Xp, Yp, Zp are determined by the axis address appeared in the block 
in which G17, G18 or G19 is commanded. 

When an axis address is omitted in G17, G18 or G19 block, it is 
assumed that the addresses of basic three axes are omitted. 

Parameter No. 1022 is used to specify that an optional axis be parallel 
to the each axis of the X-, Y-, and Z-axes as the basic three axes. 

The plane is unchanged in the block in which G17, G18 or G19 is not 
commanded. 

The movement instruction is irrelevant to the plane selection. 





When the power is turned on or the CNC is reset, G17 (XY plane), 
G18 (ZX plane), or G19 (YZ plane) is selected by of parameters G18 
and G19 (No. 3402#1 and #2). 


When the power is turned on, G18 (ZX plane) is selected . 
NOTE 
1 U-, V-, and W-axes can be used with G-codes B 
and C. 
2 Direct drawing dimension programming, chamfering, 


corner R, multiple repetitive canned cycle, and 
simple canned cycle are enabled only for the ZX 
plane. Specifying these functions for other planes 
causes alarm PS0212 to be generated. 





Example 
Plane selection when the X-axis is parallel with the U-axis. 
GI7X_Y__—_— XY plane, 
GI7U_Y___—-UY plane 
G18X_Z  ZxXplane 
X_Y____s— Plane is unchanged (ZX plane) 


G17 XY plane 
G18 ZX plane 
G17 U_ UY plane 
G18Y_; ZX plane, Y axis moves regardless without any 


relation to the plane. 
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COORDINATE VALUE AND DIMENSION 





This chapter contains the following topics. 


8.1 ABSOLUTE AND INCREMENTAL PROGRAMMING 

8.2 INCH/METRIC CONVERSION (G20, G21) 

8.3. DECIMAL POINT PROGRAMMING 

8.4 DIAMETER AND RADIUS PROGRAMMING 

8.5 DIAMETER AND RADIUS SETTING SWITCHING 
FUNCTION 
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8.7 ABSOLUTE AND INCREMENTAL PROGRAMMING 


Format 


Ba 


- Gcode system A 





- Gcode system B or C 


There are two ways to command travels of the tool; the absolute 
command, and the incremental command. In the absolute command, 
coordinate value of the end position is programmed. The incremental 
command is used to program the amount of a tool movement. 


G90 and G91 are used to command absolute or incremental command, 
respectively. 


Absolute programming or incremental programming is used 
depending on the command used. See following tables. 


Gcodesystem | AT Bor 


Command method Address word G90, G91 





Absolute command G90 IP_; 
Incremental command G91 IP_; 











Po Absolute command | Incremental command 


X axis move command 
Z axis move command 





Z Ww 
Y axis move command Y V 
C axis move command C H 





Absolute command G90 IP_; 








Incremental command G91 IP_; 
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G90 X40.0 Y70.0 ; Absolute command 
G91 X-60.0 Y40.0; Incremental command 







End point 


Start point 











Tool movement from point P to point Q (diameter programming is 
used for the X-axis) 


a | G code system A G code system B or C 


Absolute command X400.0 Z50.0 ; G90 X400.0 Z50.0 ; 
Incremental command U200.0 W-400.0 ; G91 X200.0 Z-400.0 ; 












Q 
(400, 50) 





P 
(200, 450) 
200 





NOTE 

1 Absolute and incremental commands can be used 
together in a block. 
In the above example, the following command can 
be specified : X400.0 W-400.0 ; (in the G code 


system A) 

When both X and U or W and Z are used together 
in a block, the one specified later is effective. 
Incremental commands cannot be used when 
names of the axes are A and B during G code 
system A is selected. 
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8.2 INCH/METRIC CONVERSION (G20, G21) 


Either inch or metric input (least input increment) can be selected by 
G code. 


Format 
G20; Inch input 
G21; Metric input 














This G code must be specified in an independent block before setting 
the coordinate system at the beginning of the program. After the G 
code for inch/metric conversion is specified, the unit of input data is 
switched to the least inch or metric input increment of increment 
system (II-2.3). The unit of data input for degrees remains unchanged. 
The unit systems for the following values are changed after 
inch/metric conversion: 

e Feedrate commanded by F code 

e Positional command 

e Workpiece origin offset value 

e Tool compensation value 

e Unit of scale for manual pulse generator 

e Movement distance in incremental feed 

e Some parameters 

When the power is turned on, the G code is the same as that held 
before the power was turned off. 


/\ WARNING 
G20 and G21 must not be switched during a 
program. 


NOTE 


1 When the least input increment and the least 
command increment systems are different, the 
maximum error is half of the least command 
increment. This error is not accumulated. 

The inch and metric input can also be switched 
using settings (see III-12.3.1). 
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8.3 DECIMAL POINT PROGRAMMING 


Numerical values can be entered with a decimal point. A decimal 
point can be used when entering a distance, time, or speed. Decimal 
points can be specified with the following addresses: 


CI 
[| 


X, Y, Z, U, V, W, A, B, C, I, J, K, Q, R, F 





X, Y, Z, U, V, W, A, B, C, I, J, K, R, F 


Explanation 

There are two types of decimal point notation: calculator-type notation 
and standard notation. 

When calculator-type decimal notation is used, a value without 
decimal point is considered to be specified in millimeters inch,or deg. 
When standard decimal notation is used, such a value is considered to 
be specified in least input increments. Select either calculator-type 
or standard decimal notation by using the parameter DPI (No. 
3401#0). Values can be specified both with and without decimal point 
in a single program. 


Example 


Pocket calculator : ; 
s . Standard type decimal point 
Program command | type decimal point : 
: programming 
programming 


X1000 1mm 

1000mm : : : 
Command value Unit naka Unit : Least input increment 
without decimal point : (0.001mm) 


X1000.0 
Command value with 
decimal point 


1000mm 
Unit :mm 


/\ CAUTION 
When specifying a dimension word for a command 
G code in a block, be sure to place the dimension 
word after the command G code. 
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NOTE 
1 A specified value less than the minimum unit is 

treated as described below. 
Example 1) 
When a value is specified directly at an address (in 
the case of IS-B) 

X1.2345; Treated as X1.235 

X-1.2345; Treated as X-1.234 
Example 2) 
When a value is assigned to a macro variable (in 
the case of IS-B) 

#100=1.2345; 

X#100; Treated as X1.235 

#100=-1.2345; 

X#100; Treated as X-1.234 
When more than eight digits are specified, an 
alarm occurs. If a value is entered with a decimal 
point, the number of digits is also checked after the 
value is converted to an integer according to the 
least input increment. 
Examples: 
X1.23456789; 
Alarm PS0003 occurs because more than eight 
digits are specified. 
X123456.7; 
If the least input increment is 0.001 mm, the value 
is converted to integer 123456700. Because the 
integer has more than eight digits, an alarm occurs. 
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8.4 DIAMETER AND RADIUS PROGRAMMING 





Since the workpiece cross section is usually circular in CNC lathe 
control programming, its dimensions can be specified in two ways : 


Diameter and Radius 








X axis 
D1, D2 : Diameter programming 
R1, R2 : Radius programming Z axis 





When the diameter is specified, it is called diameter programming and 
when the radius is specified, it is called radius programming. 


Explanation 

- Notes on diameter programming/radius programming for each command 
Radius programming or diameter programming can be specified by 
parameter DIA (No.1006#3). When using diameter programming, 
note the conditions listed in the Table 8.4 (a). 


Table 8.4 (a) Notes on specifying diameter value 


Specified with a diameter value 


Specified with a diameter value 
Incremental command In the above figure, specifies D2 
minus D1 for tool path B to A. 


Coordinate system setting (G50) ies ore: value wilhia 


Parameter (No.5004#1) determines 


OMpenent cripoletest valle either diameter or radius value 


as cutting depth along X axis. (R) 
Radius designation in circular 
interpolation (R, |, K, and etc.) 


‘ Specifies change of radius/rev. or 
Feedrate along axis : . 
change of radius/min. 


Display of axis position Displayed as diameter value 


Specifies a radius value 
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8.5 DIAMETER AND RADIUS SETTING SWITCHING 
FUNCTION 


Overview 

Usually, whether to use diameter specification or radius specification 
to specify a travel distance on each axis is uniquely determined by the 
setting of bit 3 (DIAx) of parameter No. 1006. However, this 
function enables switching between diameter specification and radius 
specification by using a signal or G code. 

Thus, a coordinate, program, and so forth can be specified by 
switching between diameter specification and radius specification for 
each controlled axis. 


Explanation 


- Selection of a diameter/radius specification switching method 
Two methods are available for switching between diameter 
specification and radius specification: 
1) Signal 
2) Gcode 
Use bit 5 (PGD) of parameter No. 3400 to determine which method to 
use. 


- Switching method using a signal 
For switching between diameter specification and radius specification, 
set the diameter/radius specification switch signal from DI1 to DI8 
(input signals) corresponding to a desired axis, from 0 to 1. 
If an input signal is set from 0 to 1, and radius specification is selected 
(with bit 3 (DIAx) of parameter No. 1006 = 0) for the axis 
corresponding to the input signal, the specification method switches to 
diameter specification; the specification method switches to radius 
specification if diameter specification is selected (with bit 3 (DIAx) of 
parameter No. 1006 = 1). 
During switching, the diameter/radius specification switching 
in-progress signal from DM1 to DM8 (output signals) corresponding 
to a switched axis is output. 
To return the diameter/radius specification of an axis to the original 
state, set the setting of the corresponding diameter/radius specification 
switch signal from DI1 to DI8, from 1 to 0. 


- 196 - 


B-63944EN/02 PROGRAMMING _8.COORDINATE VALUE AND DIMENSION 


NOTE 
1 When operating an input signal by using an M 
code, for example, during automatic operation, 
perform a switching operation according to the 
method below to reflect the state of diameter/radius 
specification switching in the execution block 
correctly. 
As an auxiliary function for switching, use an 
unbuffered M code (parameter No. 3411 and up). 
Use the following sequences for a specified M 
code: 
- When switching is performed 
M code -> Input signal ON > Confirmation of 
output signal ON —> FIN 
When switching is cancelled 
M code -> Input signal OFF — Confirmation of 
output signal OFF — FIN 
If a diameter/radius specification switch signal is 
operated during automatic operation without 
following the sequences above, alarm PS5320 is 
issued. 
If a diameter/radius specification switch signal is 
operated while a movement is made on an axis 
subject to switching, alarm PS5320 is issued. 





- Switching method using a G code (programmable diameter/radius specification 
switching) 
The format of a G code for diameter/radius specification switching is 
as follows: 


Format 





G10.9 IP_; 
IP_: Address and command value of an specified axis 
subject to diameter/radius specification switching 
Specify 0 or 1 as the command value. 
0: Radius specification 
1: Diameter specification 











NOTE 
1 Specify G10.9 in a single block specifying no other 


codes. 


2 After an axis address, specify a command value 
without using the decimal point. 
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- Switching operation 
According to the switching methods above, diameter/radius 
specification is internally switched as described below. 


1) Switching using a signal 
- When parameter DIAx = 0 (radius specification) + Operation 
is performed with diameter specification. 
- When parameter DIAx = 1 (diameter specification) > 
Operation is performed with radius specification. 


2) Switching using a G code 
- When the specified address value = 0 (radius specification) > 
Operation is performed with radius specification. 
- When the specified address value = | (diameter specification) 
— Operation is performed with diameter specification. 


NOTE 

1 When the diameter/radius specification switching 
state is to be cancelled using a reset or mode 
switching at the time of signal-based switching, the 
input signal needs to be operated. 
Switching using a G code is cancelled by a reset. 


/\ CAUTION 
When switching is performed from diameter 
specification to radius specification, the travel 
distance based on the same move command is 
doubled when compared with diameter 
specification. So, when switching from diameter 
specification to radius specification, ensure safety 
in machine operation. 





Limitation 
- Feedrate 


A radius-based feedrate is specified in both of diameter specification 
and radius specification at all times. 


- Data not switchable 
The following data follows the setting of parameter DIAx, so that 
diameter/radius specification switching is not performed: 
- Parameter 
- Offset 
- Workpiece coordinate system 
- Scale display on the graphic screen 


NOTE 
For offset data, the settings of bit 1 (ORC) of 


parameter No. 5004 and bit 2 (ODI) of parameter 
No. 5004 have priority. 
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- Switchable data and commands 


For the following data and commands, diameter/radius specification 
switching is performed according to the specified specification 
method: 

- Programmed move command 

- Current position display 

- Workpiece coordinate system preset 

- Movement based on the manual numeric command G00 or G01 


- Use with other functions 


1) Diameter/radius specification switching cannot be performed for 
an axis on which a movement is being made with any of the 
functions indicated below. 

Moreover, none of the functions indicated below can be 
performed during diameter/radius specification switching. 

- Synchronous/mixture control 

- Superimposed Control 

- Axis synchronous control 

- PMC axis control 


2) This function is ignored and inoperative when the following 


function is performed: 
- Background graphic 
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SPINDLE SPEED FUNCTION (S 
FUNCTION) 





The spindle speed can be controlled by specifying a value following 
address S. 
This chapter contains the following topics. 


9.1 SPECIFYING THE SPINDLE SPEED WITH A CODE 

9.2 SPECIFYING THE SPINDLE SPEED VALUE DIRECTLY 
(S5-DIGIT COMMAND) 

9.3 CONSTANT SURFACE SPEED CONTROL (G96, G97) 

9.4 SPINDLE POSITIONING FUNCTION 

9.5 SPINDLE SPEED FLUCTUATION DETECTION 
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9.1 SPECIFYING THE SPINDLE SPEED WITH A CODE 


When a value is specified after address S, the code signal and strobe 
signal are sent to the machine to control the spindle rotation speed. 

A block can contain only one S code. Refer to the appropriate manual 
provided by the machine tool builder for details such as the number of 
digits in an S code or the execution order when a move command and 
an S code command are in the same block. 


9.2 SPECIFYING THE SPINDLE SPEED VALUE DIRECTLY 
(S5-DIGIT COMMAND) 


The spindle speed can be specified directly by address S followed by a 
max. five-digit value (min). The unit for specifying the spindle speed 
may vary depending on the machine tool builder. Refer to the 
appropriate manual provided by the machine tool builder for details. 


- 201 - 


9.SPINDLE SPEED FUNCTION (S FUNCTION) PROGRAMMING B-63944EN/02 


9.3 CONSTANT SURFACE SPEED CONTROL (G96, G97) 


Specify the surface speed (relative speed between the tool and 
workpiece) following S. The spindle is rotated so that the surface 
speed is constant regardless of the position of the tool. 


Format 
- Constant surface speed control command 
G96SXxxxxx ; 
T Surface speed (m/min or feet/min) 
This surface speed unit may change according to machine 
tool builder's specification. 








- Constant surface speed control cancel command 
G97SXxxxx ; 
T Spindle speed (min) 
This surface speed unit may change according to machine 
tool builder's specification. 














- Constant surface speed controlled axis command 
G96Pa ; 
PO : Axis set in the parameter (No. 3770) 
P1: X axis, P2: Y axis, P3 : Z axis, P4 : 4th axis 
P5: 5th axis, P6 : 6th axis, P7 : 7th axis, P8 : 8th axis 














- Clamp of maximum spindle speed 
G92 S_; 
The maximum spindle speed (min’’) follows S. 

















G50 S_; 
The maximum spindle speed (min’’) follows S. 


NOTE 
G50 can be used with G code system A. 
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- Constant surface speed control command (G96) 


G96 (constant surface speed control command) is a modal G code. 
After a G96 command is specified, the program enters the constant 
surface speed control mode (G96 mode) and specified S values are 
assumed as a surface speed. A G96 command must specify the axis 
along which constant surface speed control is applied. A G97 
command cancels the G96 mode. When constant surface speed 
control is applied, a spindle speed higher than the value specified in 
G92S_; or G50OS_; (maximum spindle speed) is clamped at the 
maximum spindle speed. When the power is turned on, the maximum 
spindle speed is not yet set and the speed is not clamped. S (surface 
speed) commands in the G96 mode are assumed as S = 0 (the surface 
speed is 0) until M03 (rotating the spindle in the positive direction) or 
M04 (rotating the spindle in the negative direction) appears in the 
program. 
Spindle speed (min) 


The spindle speed (min) almost coincides 
with the surface speed (m/min) at approx. 
160 mm (radius). 


Surface speed S is 600 m/min. 





a 
80 100 320 140 160 180 200 220 240 260 280 300 


0 2 40 6 ; K 
Relation between workpiece radius, 
spindle speed and surface speed 


Fig. 9.3 (a) Relation between workpiece radius, spindle speed and 
surface speed 


Radius (mm) 
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- Setting the workpiece coordinate system for constant surface speed control 
To execute the constant surface speed control, it is necessary to set the 
workpiece coordinate system , and so the coordinate value at the 
center of the rotary axis, for example, Z axis, (axis to which the 
constant surface speed control applies) becomes zero. 





X 


Fig. 9.3 (b) Example of the workpiece coordinate system for constant 
surface speed control 


- Surface speed specified in the G96 mode 


G96 mode G97 mode 





Specify the surface speed in m/min 
(or feet/min) 














G97 command 


| 


Store the surface speed in m/min 
(or feet/min) 























Specified 





Command for The specified 
the spindle spindle speed 
speed (min) is used 


= Not specified 


The surface speed (m/min or 


feet/min) is converted to the 
spindle speed (min“’) 
































Commands other than G96 


| 


G96 command 

















Specified 











The specified 
surface 
speed is used 


ommand 
for the surface 
speed 











Not specified 





The stored surface speed (m/min or 
feet/min) is used. If no surface 
is stored, 0 is assumed. 
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Limitation 

- Constant surface speed control for threading 
The constant surface speed control is also effective during threading. 
Accordingly, it is recommended that the constant surface speed 
control be invalidated with G97 command before starting the scroll 
threading and taper threading, because the response problem in the 
servo system may not be considered when the spindle speed changes. 


- Constant surface speed control for rapid traverse (G00) 
In a rapid traverse block specified by G00, the constant surface speed 
control is not made by calculating the surface speed to a transient 
change of the tool position, but is made by calculating the surface 
speed based on the position at the end point of the rapid traverse block, 
on the condition that cutting is not executed at rapid traverse. 
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Example 





Radius value 
Programmed path 


> xX 


Tool path after offset 











= Z 
300 400 500 600700 800 900 1000 1100 1300 1400 1500 
1200 1475 





1050 





N8& G00 X1000.0Z1400.0 ; 

N9 133; 

N11 X400.0Z1050.0; 

N12 G50S3000 ; (Designation of max. spindle speed) 

N13 G968200 ; (Surface speed 200 m/min) 

N14 GO1 Z 700.0F1000 ; 

N15 X600.0Z 400.0; 

N16Z_; 

The CNC calculates the spindle speed which is proportional to the 
specified surface speed at the position of the programmed coordinate 
value on the X axis. This is not the value calculated according to the X 
axis coordinate after offset when offset is valid. At the end point N15 
in the example above, the speed at 600 dia. (Which is not the turret 
center but the tool nose) is 200 m/min. If X axis coordinate value is 
negative, the CNC uses the absolute value. 
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Overview 
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SPINDLE POSITIONING FUNCTION 


In turning, the spindle connected to the spindle motor is rotated at a 
certain speed to rotate the workpiece mounted on the spindle. This 
spindle control status is referred to as spindle rotation mode. 

The spindle positioning function turns the spindle connected to the 
spindle motor by a certain angle to position the workpiece mounted on 
the spindle at a certain angle. This spindle control status is referred 
to as spindle positioning mode. 


The spindle positioning function involves the following three 
operations: 
1. Canceling the spindle rotation mode and entering the spindle 
positioning mode 
Place the spindle in the spindle positioning mode and establish a 
reference position by specifying a given M code (set with a 
parameter). (Spindle orientation) 
2. Positioning the spindle in the spindle positioning mode 
The spindle is positioned in either of the two methods: 
1) Positioning with an arbitrary angle by an axis address 
2) Positioning with a semi-fixed angle by a given M code (set 
with a parameter) 
3. Canceling the spindle positioning mode, and entering the spindle 
rotation mode 
Place the spindle in the spindle rotation mode by specifying a 
given M code (set with a parameter). 


The least command increment, least input increment, and maximum 
value for the spindle positioning axis are as follows: 
e Least command increment 


360 
4096 
e Least input increment 
0.001 deg (IS-B) 
e Maximum value 


+999999.999 deg 


= 0.088 deg (when the gear ratio of the spindle to the position coder 
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9.4.1 Spindle Orientation 


When spindle positioning is first performed after the spindle motor is 
used for normal spindle operation, or when spindle positioning is 
interrupted, the spindle orientation is required. 

Orientation permits the spindle to stop at a predetermined position. 
Orientation is directed by the M code set in parameter No. 4960. The 
direction of orientation can be set with a parameter. 

For the serial spindle, it is set in RETSV (bit 4 of parameter No. 4000). 
With the grid shift function, the orientation position can be shifted in a 
range of 0 to 360 deg with parameter No. 4073 for a serial spindle. 


- Feedrate during spindle orientation 


- Omission of orientation 


An orientation feedrate for a serial spindle is determined by a spindle 
parameter setting. 

In orientation, the serial spindle stops at the orientation position after 
several rotations of the spindle motor. 


By using ISZ (bit 2 of parameter No. 4950), orientation upon 
switching to spindle positioning mode can be omitted if it is 
unnecessary (for example, when no start position is specified and 
incremental positioning from the current position is only required). 
More specifically, when an M code for switching to spindle 
positioning mode is specified, the spindle control mode is simply 
switched to spindle positioning mode and then the processing is 
completed without orientation. 


- Program reference position 


The position at which orientation is completed is assumed to be a 
program reference position. However, the program reference 
position can be changed through coordinate system setting (G92 or 
G50) or automatic coordinate system setting (ZPR (bit 0 of parameter 
No. 1201)). 

When a setting is made to omit orientation, a program reference 
position is not established, and operation by an absolute command is 
unpredictable during spindle positioning with an axis address. 
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9.4.2 Spindle Positioning 


The spindle can be positioned with a semi-fixed angle or arbitrary 
angle. 


- Positioning with a semi-fixed angle 
Use an M code to specify a positioning angle. The specifiable M 
code value may be one of the six values from Ma to M (a+5). Value 
co must be set in parameter No. 4962 beforehand. The positioning 
angles corresponding to Ma to M (a+5) are listed below. Value B 
must be set in parameter No. 4963 beforehand. 


M-code 
(Ex.) B=at5 


Positioning angle (Ex.) B = 30° 


























When the number of M codes to be used, value y, is specified in 
parameter No. 4964, a specifiable M code value may be in a range of 
values from Ma to M (a + (y - 1)), up to 255 values from Ma to M (a 
+ (255 - 1)). 


Positioning angle (Ex.) B = 30° 





M (a + 1) 
M (a + 2) 
M (a + 3) 























M (a + 11-1) 


The direction of rotation can be specified in IDM (bit 1 of parameter 
4950). 


- Positioning with an arbitrary angle 
Specify the position with an arbitrary angle using the axis address 
followed by a signed numeric value or numeric values. The axis 
address must be specified in the GOO mode. 
(The explanation below is given assuming that a C axis address is set.) 
(Example) C-45000 

C180.000 

A numeric with the decimal point can be entered. The value must be 
specified in degrees. 


(Example) C36.0=C36 degrees 
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- Absolute commands and incremental commands 


B-63944EN/02 


Incremental commands are always used for positioning with a 
semi-fixed angle (using M codes). 
The direction of rotation can be specified with IDM (bit 1 of 


parameter No. 4950). 


Absolute and incremental commands can be used for positioning with 


an arbitrary angle. 


With absolute commands for positioning with an arbitrary angle, when 
the rotation axis rollover function is used (ROA (bit 0 of parameter No. 
1008) is 1), shortcut control is also enabled (RAB (bit 1 of parameter 


No. 1008) is 0). 


Command format 


Specify the end 
point with a 
distance from the 
program reference 
position. 


Program reference position 


> 
y, 


G-code system A in 
lathe system 


G-code system B or C 
in lathe system, and 
machining center 
system 





Address 
used 


Command 
A-B in the 
above 
figure 


Address 
used and G 
code 


Command 
A-B in the 
above 
figure 


G90 C180 .; 





Specify a 
Incremental | distance from 
command _|the start point to 
the end point. 





- Feedrate during positioning 














G90 C90 .; 





The feedrate during positioning equals the rapid traverse speed 
specified in parameter No. 1420. 
For the specified speed, an override of 100%, 50%, 25%, and FO 
(parameter No. 1421) can be applied. 


- 210 - 


B-63944EN/02 PROGRAMMING 9.SPINDLE SPEED FUNCTION (S FUNCTION 


9.4.3. Canceling Spindle Positioning 


When modes are to be switched from spindle positioning to normal 
spindle rotation, the M code set in parameter No. 4961 must be 
specified. 


Also, the spindle positioning mode is canceled and the spindle rotation 

mode is set in the following cases: 

<1> A reset operation (including an emergency stop) occurs when a 
servo alarm is issued. 

<2> A reset operation (including an emergency stop) occurs when a 
spindle alarm is issued. 

<3> An orientation operation in progress is stopped due to a reset or 
alarm, or for some other reason. 


<4> A reset operation (including an emergency stop) occurs when 
IOR (bit 0 of parameter No. 4950) is 1. 


/\ CAUTION 

1 During execution of spindle positioning sequences 
(canceling the spindle rotation mode and entering 
the spindle positioning mode, positioning the spindle 
in the spindle positioning mode, and canceling the 
spindle positioning mode and entering the spindle 
rotation mode), the automatic operation stop signal 
*SP is invalid. This means that automatic operation 
does not stop until all the sequences are completed, 
even when the *SP signal becomes 0. 
Dry run and machine lock cannot be performed 
during spindle positioning. 
Auxiliary function lock is disabled for M codes for the 
spindle positioning function. 
The serial spindle Cs-axis contour control function 
and the spindle positioning function cannot be used 
at atime. If both options are specified, the spindle 
positioning function has priority. 
The spindle positioning axis is handled as a 
controlled axis. Therefore, controlled axis-related 
signals (such as the overtravel signal) must be set. 
When using the rigid tapping function and the 
spindle positioning function concurrently, do not 
specify rigid tapping in spindle positioning mode or 
spindle positioning in rigid tapping mode. 
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NOTE 

1 Mcode commands for positioning of a spindle must 
be specified in a single block. Other commands must 
not be contained in the same block. (Also, M code 
commands for positioning of another spindle must 
not be contained in the same block.) 

Even when the single-block, multiple-M code 
command function is also used, related M codes 
must be specified in a single block. 
Even when the single-block, multiple-M code 
command function is also used, related M codes 
must be specified in a single block. 
Axis address commands for positioning of a spindle 
must be specified in a single block. Other commands 
must not be contained in the same block. However, 
the following commands can be contained in the 
same block where axis address commands are 
specified: 

G00, G90, G91, G92 (G-code systems B and C in 

the T series, M series) 

G00, G50 (G-code system A in the T series) 
M code commands for spindle positioning specify M 
codes that are not buffered. 
Spindle positioning cannot be performed by manual 
operation (in jog feed, manual handle feed, manual 
numeric command, or other mode). 
Spindle positioning cannot be performed by PMC 
axis control. 
For spindle positioning, program restart and block 
restart operations cannot be performed. Use the 
MDI for these operations. 
The stored stroke limit check is disabled for the 
spindle positioning axis. 
The axis removal function is disabled for the spindle 
positioning axis. 

10 The pitch error compensation function is disabled for 
the spindle positioning axis. 

11 When a setting is made to omit spindle orientation, 
the reference position return completion signal does 
not become 1. 

12 In spindle orientation, all-axis interlock and 
axis-specific interlock are checked only when a block 
is started. A signal is ignored if input during the 
execution of the block. 

13 A difference between a specified travel distance and 
an actual travel distance is maintained until spindle 
positioning mode is canceled. 
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9.5 


Overview 


Format 


PROGRAMMING 9.SPINDLE SPEED FUNCTION (S FUNCTION 


SPINDLE SPEED FLUCTUATION DETECTION 


With this function, an overheat alarm (OH0704) is raised and the 
spindle speed fluctuation detection alarm signal SPAL is issued when 
the spindle speed deviates from the specified speed due to machine 
conditions. 

This function is useful, for example, for preventing the seizure of the 
guide bushing. 

G26 enables spindle speed fluctuation detection. 

G25 disables spindle speed fluctuation detection. 


- Spindle fluctuation detection on 








G26 Pp QqRr li; 


P: Time (in ms) from the issue of a new spindle rotation 
command (S command) to the start of checking whether 
the actual spindle speed is so fast that an overheat can 
occur. 

When a specified speed is reached within the time period 
of P, a check is started at that time. 

Q: Tolerance (%) of a specified spindle speed 

1— actual spindle speed 


x 100 











specified spndle speed 
If a specified spindle speed lies within this range, it is 
regarded as having reached the specified value. Then, 
the checking of an actual spindle speed is started. 

R: Spindle speed fluctuation (%) at which the actual spindle 
speed is so fast that an overheat can occur 

1— speed that can cause overheat 


x 100 





speciofied spndle speed 








If the fluctuation of the actual spindle speed to the 
specified spindle speed exceeds the spindle speed 
fluctuation of R, the actual spindle speed is regarded as 
being so fast that an overheat can occur. 

I: Spindle speed fluctuation width at which the actual 
spindle speed (min’’) is so fast that an overheat can 
occur 
If the fluctuation (width) between the specified and actual 
spindle speeds exceeds the spindle speed fluctuation 
width of I, the actual spindle speed is regarded as being 
so fast that an overheat can occur. 
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G26 enables the spindle speed fluctuation detection function. The 
values specified for P, Q, R, and I are set in the following parameters: 
No. 4914, No. 4911, No. 4912, and No. 4913, respectively. Each 
command address corresponds to a parameter number as listed below. 
No.4911 

No.4912 

No.4913 

No.4914 

If the P, Q, R, or I command address is omitted, the function detects 
the fluctuation of the actual spindle speed according to the value set in 
the corresponding parameter (No. 4914, No. 4911, No. 4912, or No. 
4913). 

The parameters (No. 4914, No. 4911, No. 4912, and No. 4913) for the 
spindle on which the currently selected position coder is mounted are 
used for the setting and spindle speed fluctuation detection check. 














- Spindle fluctuation detection off 


Explanation 








G25; 








G25 disables the spindle speed fluctuation detection function. 

When G25 is specified, the parameters (No. 4914, No. 4911, No. 4912, 
and No. 4913) are unchanged. When the power is turned on or after 
a reset (clear state (bit 6 (CLR) of parameter No. 3402 = 1)) is 
executed, the spindle speed fluctuation detection function is disabled 
(G25). For the clear state, also check the setting of bit 3 (C19) of 
parameter No. 3408 for the M series or bit 0 (C08) of parameter No. 
3407 for the T series. 


The function for detecting spindle speed fluctuation checks whether 
the actual speed varies for the specified speed or not. Si or Sr, 
whichever is greater, is taken as the allowable fluctuation speed (Sm). 
An alarm (OH0704) is activated when the actual spindle speed varies 
for the commanded speed (Sc) under the condition that the variation 
width exceeds the allowable variation width (Sm). 


|Sc — Sa| > Sm 

Sc : Specified spindle speed 

Sa: Actual spindle speed 

Si: The allowable constant variation width which is 
independent of the specified spindle speed (parameter 
(No.4913)) 

Sr: The allowable variation width which is obtained by 
multiplying Sc (commanded spindle speed) by r (constant 
ratio). (r = parameter (No.4912)) 


Parameter FLR(No.4900#0)= 0 Parameter FLR(No.4900#0)= 1 





Sm: Si or Sr, whichever is greater 
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- Conditions to start spindle speed fluctuation detection 
If the specified spindle speed Sc changes, spindle speed fluctuation 
detection starts when one of the conditions below is met: 


<1> The actual spindle speed falls in a range of (Sc - Sq) to (Sc + Sq) 
Sc : Specified spindle speed 
Sq: Tolerance within which the spindle is assumed to attain the 
programmed speed 
(parameter (No.4911)) 


Parameter FLR= 0 Parameter FLR= 1 





<2> When time p specified in parameter No. 4914 elapses after the 
specified speed Sc changes. 


- Examples of spindle speed fluctuation detection 
(Example 1) 
When an alarm (OH0704) is issued after a specified spindle 
speed is reached 


Spindle 
speed 


Specified 
@ Seed 


Specification of | Start of check 
another speed 
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(Example 2) 
When an alarm (OH0704) is issued before a specified spindle 


speed is reached 
Spindle 
speed 


G26 mode 


Specification of Start of 
another speed check 


Specified speed : 
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Specified 
@55eed 


Sr 


Actual 
speed 


Time 


(Speed specified by address S and five-digit value) x (spindle 


override) 


Actual speed : Speed detected with a position coder 
p : Period after a change occurs in the actual spindle speed until 


detection starts 
Parameter No.4914, address P 


Sq: (Specified spindle speed) x (Detection start tolerance (q)) 


Parameter No.4911, address Q 


Parameter FLR = 0 Parameter FLR = 1 


q 


q 





Sr: (Specified spindle speed) x (Allowable variation (r)) 


Parameter No.4912, address R 








Si: Allowable variation width 
Parameter No.4913, address I 


If the difference between the specified speed and actual speed exceeds 


both Sr and Si, an alarm (OH0704) is raised. 


- Relationship between spindle speed control and each spindle 


eee Serial spindle 
| 4st spindle | 2nd spindle | 3rd spindle | 4th spindle 





= plils apeed: Possible Possible” Possible!” Possible” 
fluctuation detection 
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NOTE 

1 An optional function of multi spindle control is 
necessary. 

2 The spindle speed fluctuation detection function is 
effective for a single spindle. The function cannot be 
executed for two or more spindles. 

The spindle speed fluctuation detection function is 
effective for a spindle on which the currently selected 
position coder is mounted. Just a single position 
coder can be selected. Multiple position coders 
cannot be selected. For the selection of a position 
coder, see the section of "Multi spindle." 

Position coder selection signals (PC2SLC<Gn028.7>, 
PC3SLC<Gn026.0>, PC4SLC<Gn026.1>) 

The parameters that become valid are the parameters 
of the spindle speed fluctuation detection function 
(No.4911, No.4912, No.4913, No.4914) for the 
spindle on which the currently selected position coder 
is mounted. 





- Spindle for which to detect the spindle speed fluctuation 
For the spindle for which to detect the spindle speed fluctuation, refer 
to the appropriate manual provided by the machine tool builder. 
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1 0 TOOL FUNCTION (T FUNCTION) 
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10.1 TOOL SELECTION FUNCTION 





By specifying an up to 8-digit numerical value following address T, a 
code signal and a strobe signal are transmitted to the machine tool. 
This is used to select tools on the machine. 

One T code can be commanded ina block. Refer to the machine tool 
builder's manual for the number of digits commendable with address T 
and the correspondence between the T codes and machine operations. 
When a move command and a T code are specified in the same block, 
the commands are executed in one of the following two ways: 


(i) Simultaneous execution of the move command and T function 
commands. 


(ii) Executing T function commands upon completion of move 
command execution. 


The selection of either (i) or (ii) depends on the machine tool builder's 
specifications. Refer to the manual issued by the machine tool 
builder for details. 


Explanations 


The value after the T code indicates the desired tool. Part of the 
value is also used as a tool offset number that specifies the amount of 
tool offset or the like. The tool can be selected as follows according 
to the specification method and parameter settings. 


Description of a T code (Note 1) 
LGN (No.5002#1) = 0 LGN (No.5002#1) = 1 
TOOQOQOQO0O0O O TOQOOQO0O0O O 
t 7 i tT 


How to specify the offset number for each 
parameter setting (Note 2) 





The tool wear offset number is specified using 
the low-order one digit of a T code. 


Tool selection Tool geometry 
tool wear 
offset 


Tool selection Tool wear 
tool geometry offset 
offset 





When parameter (No.5028) is set to 1 





TOQOQOQO0O OO 
t in 
Tool selection Tool geometry 
tool wear 
offset 


TOOOOOO OO 
t t 
Tool selection Tool wear 
tool geometry offset 
offset 


The tool wear offset number is specified using 
the low-order two digits of a T code. 





When parameter (No.5028) is set to 2 





TOQOOOQO O00 
t t 
Tool selection Tool geometry 
tool wear 
offset 








TOOOOO OOO 
fs t 
Tool selection Tool wear 
tool geometry offset 
offset 
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The tool wear offset number is specified using 
the low-order three digits of a T code. 








When parameter (No.5028) is set to 3 


10. TOOL FUNCTION (T FUNCTION) PROGRAMMING B-63944EN/02 


NOTE 

1 The maximum number of digits of a T code can be 
specified by parameter (No.3032) as 1 to 8. 

2 When parameter (No.5028) is set to 0, the number 
of digits used to specify the offset number in a T 
code depends on the number of tool offsets. 


Example) When the number of tool offsets is 1 to 
9: Low-order one digit 
When the number of tool offsets is 10 to 
99: Low-order two digits 
When the number of tool offsets is 100 
to 999: Low-order three digits 





Refer to the machine tool builder's manual for correspondence 
between the T-code and the tool and the number of digit to specify 
tool selection. 


Example (T2+2) 
N1G00X1000Z1400; 
N2T0313; (Select tool No. 3 and tool offset value No. 13) 
N3X400Z1050; 
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10.2 TOOL MANAGEMENT FUNCTION 


Overview 


Explanation 


- Tool management data 


The tool management function totally manages tool information 
including information about tool offset and tool life. 


A tool type number is specified with a T code. The tool type number 
is any number the user can define freely. With tool type numbers, 
tools can be grouped by various conditions such as life, compensation 
value, and cutting conditions. When each type is assumed to have a 
single tool, tool type numbers are equivalent to unique tool numbers. 
For each tool, an information storage area is prepared in the CNC 
(SRAM). This area contains information such as a tool type number, 
tool life, tool status (such as a breakage condition), tool compensation 
number (H, D, G, or W), spindle speed (S), cutting feedrate (F), and 
freely-definable customize data. Such data is called tool 
management data. 

A cartridge management table that links cartridge information and tool 
management data is provided so that the CNC can manage the 
cartridges of the machine and tool change operations. In addition, 
areas for managing the tools in the spindle and tool standby positions 
are prepared. 

When a tool type number is specified using a T code command, a tool 
that has the tool type number and the shortest life is searched for, and 
the cartridge number and pot number of the location where the tool is 
stored are output to the PMC. Then, a tool change operation using 
the cartridge number and pot number is enabled by the PMC ladder 
sequence. 

Tool information in the CNC is managed by the tool management data 
and cartridge management table (including the spindle management 
table and standby position table). 


As tool management data, information about each tool is registered 
with a tool management data number. 
The following number of sets of tool management data can be used: 




















Tool management function 64 sets 64 sets in total 
Tool management function 240 sets 240 sets in total 
Tool management function 1000 sets 1000 sets in total 





NOTE 
For the number of tool management data sets, 


refer to the relevant manual issued by the machine 
tool builder. 
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- Details of data 


The following details the tool management data registered for each 
data number: 


e Tool type number (T code) 
Item Description 
Data length 4byte 
Valid data range 0,1 to 99,999,999 























e Tool life counter 














Item Description 
Data length 4byte 
Unit of data When the number of use times is specified: Times 
When time is specified: Seconds 
Valid data range When the number of use times is specified: 0 to 


99,999,999 times 

When time is specified: 0 to 3,599,999 s (999 hours 

59 minutes 59 seconds) 

The value of an increment counter, that is, the number of use times 
(time) is indicated. The remaining life value is [the maximum tool 
life value minus tool life counter value]. 














e Maximum tool life value 














Item Description 
Data length 4byte 
Unit of data When the number of use times is specified: Times 
When time is specified: Seconds 
Valid data range When the number of use times is specified: 0 to 


99,999,999 times 
When time is specified: 0 to 3,599,999 s (999 hours 
59 minutes 59 seconds) 














e =>6. Notice life value 























Item Description 

Data length 4byte 

Unit of data When the number of use times is specified: Times 
When time is specified: Seconds 

Valid data range When the number of use times is specified: 0 to 
99,999,999 times 
When time is specified: 0 to 3,599,999 s (999 hours 
59 minutes 59 seconds) 





If a value other than 0 is set, the tool life expiration notice signal 
TLCHB <F064#3> or TLCHBx <F329#4 to #7> is output when the 
remaining life value of the tool (= maximum tool life value minus tool 
life counter value) has reached the set value. 
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e Tool life status 











Item Description 
Data length ibyte 
Detail data : Life management is not performed. 


0: 

1: Tool not yet used 

2: Life remains. 

3: Life expired. 

4: Tool breakage (skip) 

The machine (PMC) determines tool breakage and _ stores 
corresponding information through the window. In tool management 
of the CNC, a broken tool is regarded as being equivalent to tools 
whose lives have expired. 














e Tool information 


























Item Description 

Data length 1 byte (flag data) 

#0 RGS 0: Tool management data is invalid. (-) 
1: Tool management data is valid. (R) 

#1 TIM 0: Type for counting the number of use times (C) 
1: Type for counting time (T) 

#2 BDT 0: Normal tool (N) 
1: Tool with a large diameter (B) 

#3 LOC 0: Data accessible (U) 
1: Data not accessible (L) 

#4 SEN When the tool life status indicates that tool 
management is not performed: 
0: This tool is not searched. (-). 
1: This tool is searched. (S) 

#5 to #7 Reserved 











When RGS is set to 0 in tool management data, the tool management 
data is regarded as not being registered even when values are set for 
other items. 


NOTE 
Make sure you specify the same life count type for 


all tools of the same type. You can check tools of 
the same type for any difference in life count type, 
using the "check function." 





e Tool length compensation number (H) 
Item Description 
Data length 2byte 
Valid data range 0 to 999 














e Cutter compensation number (D) 
Item Description 
Data length 2byte 
Valid data range 0 to 999 
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[| 





e Tool geometry compensation number (G) 
Item Description 
Data length 2byte 
Valid data range 0 to 999 














e Tool wear compensation number (W) 
Item Description 
Data length 2byte 
Valid data range 0 to 999 























NOTE 
When the machine control type is the combined 
system type, tool length compensation and cutter 


compensation numbers are used for paths for the 
machining center system, and for paths for the 
lathe system, tool geometry compensation and tool 
wear compensation numbers are used. 





e —_ Spindle speed (S) 











Item Description 
Data length 4byte 
Unit of data min’ 





Valid data range 1 to 99,999 





e __Feedrate (F) 











Item Description 
Data length 4byte 
Unit of data mm/min, inch/min, deg/min, mm/rev, inch/rev 














Valid data range 0 to 99,999,999 





As additional tool management data, areas for setting customize data 
(5 data items including customize data 0 and customize data 1 to 4) 
are provided without defining specific usage. The user can use these 
customize data areas freely to set a warning life value, cutting 
resistance, override value, spindle current value, maximum and 
minimum S/F, and other items according to the targeted application. 


e Customize data 0 
Item Description 
Data length 1 byte (bit type) 
Valid data range 0 or 1 on a bit-by-bit basis 























e Customize data 1| to 4 (to 20) (to 40) 
Item Description 
Data length 4byte 
Valid data range -99,999,999 to 99,999,999 
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NOTE 
For the maximum number of tool management 


function customization data items, refer to the 
relevant manual issued by the machine tool builder. 





- Cartridge management table 

The storage status of tools in cartridges is managed with the cartridge 

management table. 

e Multiple cartridge numbers can be defined. (Numbers from | to 
4, up to four cartridges) 

e The maximum number of pots for all cartridges is 64, 240, or 
1000, which depends on whether a tool management data option 
is selected. 

e Cartridge numbers and pot numbers can be assigned freely 
within cartridge management data by parameter setting 
(described later). 

e The tool management data number adjacent to a pot number is 
linked with tool data defined in the tool management table. 
Therefore, the tool attached to the pot is indicated. 

e Zero set as a data number indicates that no tool is attached. 

e __ The cartridge management table can be read from and written to 
through the PMC window and FOCAS2. 

e The spindle management table and standby position table are 
provided to indicate special cartridge positions. 

e Spindle positions and standby positions, regarded as special 
cartridge positions, have fixed cartridge numbers 11 to 14 (the 
positions of the first to fourth spindles) and 21 to 24 (the first to 
fourth standby positions). 

e With the PMC window, the spindle position table and standby 
position table can be read from and written to. 

e Tool life counting is performed only for the tools at the spindle 
positions. 
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- Multi-path system 

The tool management data and cartridge management table are 
common data among the paths. The spindle management table and 
standby position table, however, are treated as independent data for 
each path. 

When the spindle table or standby position table is specified as a 
cartridge from the PMC window, specify the following, in which the 
path number is set in the hundred’s place: 


Spindle position 

First Second Third Fourth 

First path 111(11) 112(12) 113(13) 114(14) 
Second path 211 212 213 214 
Third path 311 312 313 314 
Fourth path 411 412 413 414 
Fifth path 511 512 513 514 
Sixth path 611 612 613 614 
Seventh path 711 712 713 714 
Eighth path 811 812 813 814 
Ninth path 911 912 913 914 
Tenth path 1011 1012 1013 1014 












































Standby position 

First Second Third Fourth 

First path 121(21) 122(22) 123(23) 124(24) 
Second path 221 222 223 224 
Third path 321 322 323 324 
Fourth path 421 422 423 424 
Fifth path 521 522 523 524 
Sixth path 621 622 623 624 
Seventh path 721 722 723 724 
Eighth path 821 822 823 824 
Ninth path 921 922 923 924 
Tenth path 1021 1022 1023 1024 















































NOTE 
When specifying 111, 121, and so on to specify the 
first path, you may specify just 11, 21, and so on. 
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Tool management data 
- Data of each tool such as type number, life status, and compensation number 
- The number of sets of data is 64, 240, or 1000. 


Cartridge management table 
This table indicates the cartridge and pot to which each set of tool management 
data is assigned. 
Up to four cartridges are used. 





Standby position table Standby position table 
121 to 124 (21 to 24) 221 to 224 


Standby position table 
1021 to 1024 


Spindle position table Spindle position table 
111 to 114 (11 to 14) 211 to 214 


Spindle position table 
1011 to 1014 





- M/T series 
The tool management data and cartridge management table are data 
common to the M and T series. 


- Tool life management and tool change 
The CNC performs tool life management, regarding tools having the 
same tool type number as a group. When a tool type number (T 
code) is specified by an NC program, the tool management data 
registered in the CNC is searched to find a tool having the shortest life 
among the tools with the same tool type number. 
The cartridge number and pot number corresponding to the searched 
tool are output as a T code signal to the PMC. Based on the output 
cartridge number and pot number, the PMC performs preparation for a 
tool change (to the next tool). A different tool can also be selected 
on the PMC side. 
The CNC performs tool life counting for each tool that is at a spindle 
position in the spindle management table. 


When the lives of all tools having the tool type number specified by 
the T code have expired, alarm PS5317 is issued. If there is a tool in 
the spindle position or standby position, that tool is selected to 
continue machining. 

As the T code signal, a specified tool type number instead of the 
cartridge number and pot number can also be output directly by 
parameter setting. 
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There are two types of tool life management counting methods: 
counting the number of use times and counting cutting time. One of 
the counting methods is set in tool information of tool management 
data. 


Other major specifications related to tool life management are as 
follows: 
Tool type number (T code): Up to 8 digits (1 to 99,999,999) 
Maximum tool life value: 

99,999,999 times when the number of use times is specified 

999 hours 59 minutes 59 seconds when time is specified 


Life count interval when time is specified: 1 second 
Tool life management count restart M code: — Enabled 
Tool life count override: Enabled 


To specify a certain tool directly without performing tool life 
management by tool type number, use the following format: 


M (value in parameter No. 13252) T (cartridge number) (pot 
number) ; 


When parameter No. 13252 is set to 333, the cartridge number is 2, 
and the pot number is 27, for example, the following command is 


specified: 


M333 T20027; 
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- Tool search order 
Tools having a tool type number (T) specified by a program are 
searched sequentially from tool management data number | while 
registered data contents are checked. The following shows how a 
search operation is made within the NC: 


Is tool management data valid (is bit 0 (RGS) of tool information set to 1)? 


Is tool excluded from management target a search target (is bit 4 (SEN) of tool information 1)? 


Does tool life status indicate that life expired (3)? 
Does tool life status indicate tool breakage (4)? 


Regard tool with smallest remaining life or customize data value as candidate. 
Bit 6 (SWC) of parameter No. 13203 (0: Check remaining life, 1: Check customize data) 


Check of next tool? 
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- System variables 
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The following tool management data of the tool being used as a 
spindle after a tool change by M06 and the tool to be used next which 
is specified by a T code can be read through custom macro variables: 


















































































































































Being Item 

used 

#8401 Tool management data number 
#8402 Tool type number (T) 
#8403 Tool life counter 

#8404 Maximum tool life value 
#8405 Tool notice life value 
#8406 Tool life status 

#8407 Customize data 0 (bit) 
#8408 Tool information 

#8409 Tool length compensation number (H) 
#8410 Cutter compensation number (D) 
#8411 Spindle speed (S) 
#8412 Cutting feedrate (F) 
#8413 Tool geometry compensation number (G) 
#8414 Tool wear compensation number (W) 
#8431 Customize data 1 

#8432 Customize data 2 

#8433 Customize data 3 

#8434 Customize data 4 

#8435 Customize data 5 

#8436 Customize data 6 

#8437 Customize data 7 

#8438 Customize data 8 

#8439 Customize data 9 

#8440 Customize data 10 
#8441 Customize data 11 
#8442 Customize data 12 
#8443 Customize data 13 
#8444 Customize data 14 
#8445 Customize data 15 
#8446 Customize data 16 
#8447 Customize data 17 
#8448 Customize data 18 
#8449 Customize data 19 
#8450 Customize data 20 
#8451 Customize data 21 
#8452 Customize data 22 
#8453 Customize data 23 
#8454 Customize data 24 
#8455 Customize data 25 
#8456 Customize data 26 
#8457 Customize data 27 
#8458 Customize data 28 
#8459 Customize data 29 
#8460 Customize data 30 
#8461 Customize data 31 
#8462 Customize data 32 
#8463 Customize data 33 
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Being Item 

used 

#8464 Customize data 34 
#8465 Customize data 35 
#8466 Customize data 36 
#8467 Customize data 37 
#8468 Customize data 38 
#8469 Customize data 39 
#8470 Customize data 40 


When a cartridge number of a spindle position (11 to 14) or standby 
position (21 to 24) is specified in #8400, information about the 
corresponding position can be read. 

If the spindle position table or standby position table has an empty pot, 
<empty> is read from #8402 to #8470. 

Value 0 is read from #8401 (data number). 


Therefore, machining conditions registered in tool management data 
can be specified directly by coding, for example, D#8410, H#8409, 
S#8411, and F#8412 with a tool change macro (such as M06). 
Similarly, customize data can be referenced by a custom macro, and 
machining programs can be customized according to the tool used. 


NOTE 
For the maximum number of tool management 


function customization data items, refer to the 
relevant manual issued by the machine tool builder. 
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- Specifying a tool compensation number 


Multi-path system 


When parameter No. 13265 is 0, a compensation number registered as 
tool management data of a tool attached at a spindle position can be 
selected by specifying H99 or D99. 

(99 is treated as a special number, so 99 cannot be specified directly as 
a compensation number.) 

When other than 0 is set in parameter No. 13265, the number set in the 
parameter can be specified instead of 99. For example, if parameter 
No. 13265 is 3, specifying H3 specifies the tool length compensation 
number registered for the tool at the spindle position. 


When the tool management function is not used, a tool compensation 
number is specified also with a T code; when the tool management 
function is used, the T code is used only to specify a tool type number, 
so a tool compensation number must be specified with address D. 
Except the specifications for addresses, the specifications for the 
number of permissible digits (parameter No. 3032) and the number of 
digits consisting of a compensation number (parameter No. 5028), 
separation of geometry compensation numbers and _ wear 
compensation numbers (bit 1 (LGN) of parameter No. 5002), and so 
on are the same as for T. 


If parameter No. 13265 is set to 0, when a compensation number 
registered for a tool attached at a spindle position is specified, the 
specification format varies according to the number of digits as 
follows, which is the same as for conventional T: 

When the compensation number is | digit long: D9 

When the compensation number is 2 digits long: D99 

When the compensation number is 3 digits long: D999 

Because 9, 99, or 999 is treated as a special number, it cannot be 
specified directly as a compensation number. 

Unless parameter No. 13265 is set to 0, the number set in the 
parameter can be specified instead of 9, 99, or 999. When parameter 
No. 13265 is set to 3, specifying D3 specifies the tool geometry 
compensation number and tool wear compensation number registered 
for a tool attached at the spindle position. 


Depending on whether the local path is a machining center system or a 
lathe system, tool compensation numbers are specified by using one of 
the above methods. 
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When specifying compensation numbers of a tool attached to a spindle 
other than the first spindle, specify the spindle number with address P 
within the same block that contains H/D. When specifying the first 
spindle, you can omit P. 

D99 P3; Specifying compensation numbers registered for the tool 
attached at the third spindle 

D99 ; Specifying compensation numbers registered for the tool 
attached at the first spindle 


- Read/write operations for tool management data and cartridge management table 


- G10 format 


The tool management data and cartridge management table can be 
read from and written to by using the CNC/PMC data window library 
(FOCAS2). Therefore, a specific tool management system including 
all available tool data not registered in the CNC can be built easily by 
using the OPEN CNC. 


Similarly, the tool management data and cartridge management table 
can also be read from and written to using the PMC window. 


Tool management data of the tool being used as a spindle after a tool 
change operation performed by M06 and the tool being selected by 
specifying a T code can be read using a custom macro. 


The user can modify tool management data by MDI from the tool 
management function screen of the CNC. Addition, modification, 
and deletion of the above tool management data can be made from a 
part program (G10). Such data can also be input to and output from 
external I/O equipment by using the ALL I/O screen and tool 
management function screen. 


Addition, modification, and deletion are performed for the tool 
management data and cartridge management table from programs. 
For use of this function, the programmable data input option function 
is required. 

If a format error is found in the commands from G10 L75/L76/L77 to 
G11, or if a value beyond the valid data range is specified, alarm 
PS5312 is issued. In such a case, correct the program. Within the 
range from G10 to G11, no decimal point can be specified with any 
address. Ifa decimal point is specified, alarm PS0007 results. 
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- Registering new tool management data 


Tool management data can be registered. When data is punched out 
to an external device from the tool management data screen, this 


format is used. 


The specification of those items that are not registered may be 


omitted. 





POR_; 
P1R_; 


Peer 


ep) 


ee 


A 


a 





G10 L75 P1; 
N_ ; Tool management data number specification 
T_C_L_I_B_Q_H_D_S_F_J_K_; 


Customization data 0 
Customization data 1 
Customization data 2 
Customization data 3 
Customization data 4 
Tool management data number 


Tool management data No. 1 to 64 
(1 to 240, 1 to 1000) 

Tool type No. (T) 0 to 99,999,999 
Tool life counter 0 to 99,999,999 
Maximum tool life 0 to 99,999,999 


Noticed life 0 to 99,999,999 
Tool life state 0 to 4 
Tool information Bit format (8 bits) 


Tool length compensation No. (H) 

0 to 999 (M series) 

Cutter compensation No. (D) 

0 to 999 (M series) 

Spindle speed (S) 0 to 99,999 
Cutting feedrate (F) 0 to 99,999,999 
Tool geometry compensation No. (G) 
0 to 999 (T series) 

Tool geometry compensation No. (W) 
0 to 999 (T series) 

Customization data No. 0 to 4 (0 to 20, 0 to 40) 
Customization data value 
-99,999,999 to 99,999,999 
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Specify customization data in the following format: 











P (customization-number) R (value) 





Use the bit format only when specifying the customization data 0 (PO). 
Specify other data in the binary format. The specification of 
customization data that need not be set may be omitted. 


Example) 

G10 L75 P1; 

N1; Tool management data No.1 

T10000001 CO L1000 B1 Q00000001 H1 D1 S4000 F10000 ; 
PO R11101101; Customization data 0 

P4 R99999999 ; Customization data 4 

N2; Tool management data No.2 


G11; 


Modifying tool management data 


Tool management data can be modified. 
The specification of those items that are not modified may be omitted. 








G10 L75 P2; 

N_; 
T_C_L_!I_B_Q_H_D_S_F_J_K_; 
P_R_; 

N_; 

G11; 








Deleting tool management data 


The data of a specified data number can be deleted from tool 
management data. 

The cartridge management table data corresponding to a deleted tool 
management data number is also deleted. (The tool management 
data number in the cartridge management table is cleared to 0.) 





G10 L75 P3; 
N_; 
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Registering new cartridge management table data 
A tool management data number can be registered with a free pot in 
the cartridge management table. 





G10 L76 P1 ; 

N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 
G11; 











For a spindle position table and standby position table, only cartridge 

number data is specified. 

Example) 

G10 L76 P2; 

N11 R1; Changes the tool management data number of the spindle 
position to No. 1. 

N21 R29; Changes the tool management data number of the standby 
position to No. 29. 

G11; 


Modifying the cartridge management table 


Tool management data numbers in the cartridge management table can 
be modified. 





G10 L76 P2 ; 

N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 
G11; 











For a spindle position table and standby position table, only cartridge 

number data is specified. 

Example) 

G10 L76 P2; 

N11 R1; Changes the tool management data number of the spindle 
position to No. 1. 

N21 R29; Changes the tool management data number of the standby 
position to No. 29. 

G11; 


- 236 - 


B-63944EN/02 


PROGRAMMING 10.TOOL FUNCTION (T FUNCTION 


Deleting cartridge management table data 


Tool management data numbers can be deleted from the cartridge 
management table. 





G10 L76 P3 ; 





G11; 


N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 
N cartridge-number P pot-number R tool-management-data-number ; 








Naming customization data 


For a spindle position table and standby position table, only cartridge 

number data is specified. 

Example) 

G10 L76 P3 ; 

N11; Deletes the tool management data number of the spindle 
position (clears the number to 0). 

N21; Deletes the tool management data number of the standby 
position (clears the number to 0). 

G11; 


The display name of customization data (0 to 40) can be set. 





G10 L77 P41; 
N_; 

_R_; 
_R_; 


N_: Customization data No. (0 to 40) 
P_: Character No. (1 to 16) 
R_: Character code (ANK or shifted JIS) 
- When a shifted JIS code is used, an area for 
two characters is used. 
- Specify 0 to clear data. 











e A set display name can be checked on the tool management data 


screen only. 


e When no name is registered, a name such as the default 


"Customize 3" is displayed. 


e A name consisting of up to 16 characters is displayed. For a 


name shorter than 16 characters, register 0 in the empty area. 
Those characters that are registered immediately before 0 are 
displayed. 
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Naming tool life states 
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e  Toclear data, set 0 as a character code. 

e Nocharacter code data check is made. 

When the name of customization data 3 is set as "WEI 5", for 
example, specify the following: 

Example) 

GIOL77P1; 

N3 ; Specifies customization data 3. 
P1 R37290; Shifted JIS code 91AAh for "#l" 

P3 R37608 ; Shifted JIS code 92E8h for "7" 

P5 R37484; Shifted JIS code 926Ch for "{f" 

P7 R33364; Shifted JIS code 8254h for "5" 

P9 RO; Clears data. (Not displayed. End) 
Gll; 


The display name of a tool life state (0 to 4) can be set. 











G10 L77 P2; 
N_; 
P_R_; 
P_R_; 
N_; 
P_R_; 
P_R_; 
G11; 
N_: Tool life state (0 to 4) 
P_: Character No. (1 to 12) 
R_: Character code (ANK or shifted JIS) 
- When a shifted JIS code is used, an area for 
two characters is used. 
- Specify 0 to clear data. 





e A set display name can be checked on the tool management data 
screen only. 

e If no name is registered, a default such as "Remaining" and 
"Unremaining" is displayed. 

e A name consisting of up to 12 characters is displayed. For a 
name shorter than 12 characters, register 0 in the empty area. 
Those characters that are registered immediately before 0 are 
displayed. 

e  Toclear data, set 0 as a character code. 

No character code data check is made. 
The defaults are as follows: 


-0: Invalid 

- 1: Remaining 
-2: Remaining 

- 3: Unremaining 
-4: Broken 
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To set "JE#" as the name of tool life state 2 (Remaining), specify the 
following: 

Example) 

G10L77 P2; 

N2; Specifies tool life state 2. 

P1 R37043; Shifted JIS code 90B3h for "JE" 

P3 R36845; Shifted JIS code 8FEDh for "#7" 

PS RO; Clears data. (Not displayed. End) 

G11; 
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10.3. TOOL MANAGEMENT EXTENSION FUNCTION 


Overview 


The following functions have been added to the tool management 
function: 

Customization of tool management data display 

Setting of spindle position/standby position display 

Input of customize data with the decimal point 

Protection of various tool information items with the KEY signal 
Selection of a tool life count period 

Individual data screen 

Total life time display for tools of the same type 

They will be explained in detail below. 


NDAWARWNS 


10.3.1 Customization of Tool Management Data Display 


Format 


Explanation 
- number (N_) 


With the tool management data screen display customization function, 
the display positions of screen elements (type number, tool 
information, life counter, and so forth) on the tool management screen 
can be changed and whether to display or hide such screen elements 
can be chosen using the G10 format. This function enables a 
customized tool management screen to be configured. 





G10L77P3; 
N_R_; 
G11; 
N_: Tool management data screen display position number 








R_: Tool management data display item 





- | Adisplay position number represents an ordinal number from the 
leftmost position on the tool management data screen. 
- | AsN,anumber from 1 to 200 can be specified. 


- Tool management data display item (R_) 


- Fora value to be set (in R_), see the table below. 
- For actual setting, consider a display width plus 1. 


Items common to machining center systems and lathe systems 
Display width Remarks 


End of setting 





Blank column 





No. For spindle/standby 
positions for 10 paths 





TYPE-NO. 





MG 





POT 





T-INFORMATION 














5DAG'- 
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L-COUNT 


Item Display width Remarks 





MAX-LIFE 





NOTICE-L 





L-STATE 


The display width is 


switched by bit 1 of 
parameter No. 13201. 





S (Spindle speed) 





F (Feedrate) 





Tool figure number (A) 


Offset-related ite 


H (Tool length 
compensation number) 


Display width 








ms for machining center systems 


Remarks 





D (Cutter compensation 
number) 





OFFSET—M 


Tool offset memory A 





GEOMETRY —M 


Tool offset memory B 





WEAR—M 





GEOMETRY (H) 


Tool offset memory C 





WEAR (H) 





GEOMETRY (D) 





WEAR (D) 


Offset-rela 


TG (Tool geometry 
compensation number) 


Display width 








ted items for lathe systems 


Remarks 





TW (Tool wear 
compensation number) 





OFFSET —X 





OFFSET —Z 





OFFSET—R 





TIP 


Tool nose radius 
compensation 





OFFSET —Y 


Y-axis offset 





OFFSET —B 


B-axis control 





GEOMETRY (X) 





WEAR (X) 





GEOMETRY (Z) 





WEAR (Z) 


Tool geometry/wear 
compensation 





GEOMETRY (R) 





GEOMETRY TIP 





WEAR (R) 





WEAR TIP 


Tool nose radius 
compensation, Tool 
geometry/wear 
compensation 





GEOMETRY (Y) 





WEAR (Y) 


Y-axis offset, Tool geometry/ 
wear compensation 





GEOMETRY (B) 





WEAR (B) 


B-axis control, Tool 
geometry/ wear 
compensation 





GEOMETRY (X2) 





GEOMETRY (Z2) 








GEOMETRY (Y2) 


OAT: 








2nd geometry tool offset 
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Items related to customize data 























































































































R Item Display width Remarks 
CUSTOM 0 10 
CUSTOM 1 10 
CUSTOM 2 10 
CUSTOM 3 10 
CUSTOM 4 10 
CUSTOM 5 10 Tool management function 
CUSTOM 6 10 customize data extension 
CUSTOM 7 10 (5 to 20) or tool 
CUSTOM 8 10 management function 
CUSTOM 9 10 customize data extension 
CUSTOM 10 10 (5 to 40) 
CUSTOM 11 10 
CUSTOM 12 10 
CUSTOM 13 10 
CUSTOM 14 10 
CUSTOM 15 10 
CUSTOM 16 10 
CUSTOM 17 10 
CUSTOM 18 10 
CUSTOM 19 10 
CUSTOM 20 10 
CUSTOM 21 10 Tool management function 
CUSTOM 22 10 customize data extension 
CUSTOM 23 10 (5 to 40) 
CUSTOM 24 10 
CUSTOM 25 10 
CUSTOM 26 10 
CUSTOM 27 10 
CUSTOM 28 10 
CUSTOM 29 10 
CUSTOM 30 10 
CUSTOM 31 10 
CUSTOM 32 10 
CUSTOM 33 10 
CUSTOM 34 10 
CUSTOM 35 10 
CUSTOM 36 10 Tool management function 
10 customize data extension 
10 (5 to 40) 
10 
10 


NOTE 
1 If G10 L77 P32 is terminated normally, the power 


must be turned off before operation is continued. 
2 The setting becomes effective after the power is 
turned off then back on. 
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Example 
Example of setting tool offset memory A 
G10L77P3; Set tool management data screen display 
customization 
N1 R1; Set No. as number 1 
N2 R2; Set TYPE-NO. as number 2 
N3 R23; Set MG as number 3 
N4 R4; Set POT as number 4 
N5 R85; Set T-INFORMATION as number 5 
N6 R6; Set L-COUNT as number 6 
N7 R7; Set MAX-LIFE as number 7 
N8 R8; Set NOTICE-L as number 8 
N9 RQ; Set L-STATE as number 9 
N10 R11; Set F (Feedrate) as number 10 
N11 R21; Set D as number 11 
N12 R22; Set OFFSET-M as number 12 
N13 R80; Set CUSTOM 0 as number 13 
N14 R81; Set CUSTOM 1 as number 14 
N15 R-1; End 
G11; Cancel the setting mode 











On the tool management data screen, the first page displays "No., 
Type Number, MG, Pot, Tool Information, Life Counter, Maximum 
Life, Noticed Life, and Life State". 

The second page displays "F (Feedrate), D (Cutter Compensation 
Number), Tool Offset-M, Customize Data 0, and Customize Data 1". 


TOOL MANAGER 00123 NOOUOGBD 


















































NO. TYPE NO. MG POT T-INFO L-COUNT MAX-LIFE NOTICE-L  L-STATE 

| 4f 8 8 SpppppNEFi eff KOHN 
2f- 6 @ 8 BeRBUNCE | c) 8 6 NO-MNG 

3 6 8 8 BEREUNEE | 8 a 8 NO-MNG 

4 6 28 GpepeyNcF{[ = =©66f ef BNO-MNG 

5 6 28 GpeppuNc/[ af 2a @ NO-MNG 

6 6 @ 8 BeBPUNCF | c) c) 6 NO-MNG 

? 6 @ GpepeyNc[ = =—séi 8 @ NO-MNG 

8 6 @ GpepeyNc[ = =—stéi 8 @ NO-MNG 

9 6 @ 8 BeBPUNEF | a [) 8 NO-MNG 
18 6 2B 8 BEPRUNCE | 8 8 @ NO-MNG 
14 6 28 GpebeuNcF[ = =—siéik 8 @ NO-MNG 
12 6 28 GpeppUNcF[ = =—Ssié«i 8 @ NO-MNG 














A> 


MEM STOP *** *** 12: 66:88 








Example 1: Page 1 
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IMG MNG TABLE 4d- 1 00123 NQOOOBOQ 
POT NO. TYPE-NO. POT NO. TYPE-NO. NO. TYPE-NO. 
a, a () a | 8 SPDL1[ a a 
s/ a 8 20 * t) sPpL2 [| @ i) 
6, * 8 2i{ 0 a SPDL3 [ 0 t) 
’ |g ) 22[ a @| sPDLa [| @ ) 
:) |Z C) 23 * a walTi [ @ 8 
9[ 6 a 2a [3 a walt2 [6 8 
ia [ 6 8 25 6] waltz | a i) 
1i[ a 8 26 HE) () walta [ @ ) 
12 c) 27,5 8 
13 ) 2a, ® 8 
14 I a 2a {a () 
is[* a 3a {4 () 
i6 [+ 8 3i[ a 8 
iz7[ a a 32{ 0 () 
is[ @ a 33 [ 6 a 
A> 
MEM STOP xx x4# 12: 00:00 
ele 
oOL LIFE 





Example 1: Page 2 


NOTE 

1 This setting is enabled when bit 0 (TDC) of 
parameter No. 13201 is set to 1. 

2 Up to 20 pages can be set. 

3 Besure to specify an end. 

4 lf an item that requires the corresponding option is 
specified without specifying the option, the item is 
displayed as a blank field. 

No items after an end are displayed. 

(Example) In the case of N1 > R1 (No.), N2 > R2 
(Type Number), N 3 > R3 (MG), N4 > 
R-1 (End), N5 — R4 (Pot), only the items 
"No., Type Number, and MG" are 
displayed on the screen. 

If G10 L77 P3 is specified, the setting immediately 

before is initialized. 

If an invalid value is set in R (tool management data 

display item), a blank field is displayed. 
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10.3.2 Setting of Spindle Position / Standby Position Display 


In MG on the tool management data screen, a spindle position or 
standby position is displayed as a number such as 11, 12, and 13. 
With the spindle position/standby position display setting function, 


three arbitrary characters can be displayed using the G10 format. 


Format 








G10L77P4; 

N_; 

PR; 

G11; 
P_: Character number 
R_: Character code 


N_: Spindle position/standby position setting 





Explanation 


- Spindle position/standby position setting (N_) 


Specify a spindle position or standby position to be renamed. The 


table below indicates the values to be specified. 

























































































Spindle position 

First Second Third Fourth 
1st path 111 112 113 114 
2nd path 211 212 213 214 
3rd path 311 312 313 314 
4th path 411 412 413 414 
5th path 511 512 513 514 
6th path 611 612 613 614 
7th path 711 712 713 714 
8th path 811 812 813 814 
9th path 911 912 913 914 
10th path 1011 1012 1013 1014 

Standby position 

First Second Third Fourth 
1st path 121 122 123 124 
2nd path 221 222 223 224 
3rd path 321 322 323 324 
4th path 421 422 423 424 
5th path 521 522 523 524 
6th path 621 622 623 624 
7th path 721 722 723 724 
8th path 821 822 823 824 
9th path 921 922 923 924 
10th path 1021 1022 1023 1024 





- Character number (P_) 


Specify a character number (1 to 3). 


displayed. 
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Up to three characters are 
If a character string to be specified is shorter than three 
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- Character code (R_) 


Example 


characters, specify 0 in the leading blank character position(s). A 
character string immediately before 0 is displayed. 


Set the name of a spindle position/standby position by using a 
character code (ASCII code or Shift JIS code). 

- For a character code, use ASCII code or Shift JIS code. 

- No character code data check is made. 


When spindle 1 is named "SP1", and standby | is named "WT1" 





G10L77P4; Set spindle position/standby position 
N111; Specify spindle 1 

P1 R83; 53h as ASCII code for "S" 

P2 R80; 50h as ASCII code for "P" 

P3 R49; 31h as ASCII code for "1" 

N121; Specify standby 1 

P1 R87; 57h as ASCII code for "W" 

P2 R84; 54h as ASCII code for "T" 

P3 R49; 31h as ASCII code for "1" 

G11; Cancel the setting mode 











In the MG item on the tool management data screen, spindle | is 
displayed as "SP1", and standby | is displayed as "WTI". 


00123 NOOOOG 


POT T-INFO L-COUNT MAX-LIFE NOTICE-L_ L-STATE 


SpppepNcF[ |S NON 
Cpppeyycry ef af ]0-MNG 
[———s 













TOOL MANAGER 




















3 aR 8 peePUNCE [ 6f  @RNO-MNG 
4[—_68 8 8 fbppNEr | a| a| @ NO-HNG 
5 6 @ 2 PPPPUNET | a| a | @ NO-MNG 
6 8 8 eppppuNcr| _0| _0| 0 Ko-"Ne 
? 8 8S epppuNeE | 3| —o[ a fo-mne 
8 6 8  OppppuNcr| _0| 0/0 Ko-wne 
9 8 8 8 ppppUNET | a| a| 6 KO-HNG 
10 6 28 2 PPPPLNET | | | 6 NO-MNG 
11 C) 

C) 


Sppeppeer{ eff RONG 
SppeppeeF[ of of KONG 







A> 





MEM STOP *** #¥% 12: 66:08 











NOTE 


Data registered becomes effective after the screen 
display is switched to the tool management screen. 
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10.3.3 Input of Customize Data with the Decimal Point 


With the function for input of customize data with the decimal point, 
the number of decimal places can be set using the G10 format for 
each customize data item (customize data 1, ..., 40) to enable data 
input with the decimal point. 














Format 
G10L77P5; 
N_R_; 
G11; 
N_: Customize data number 
R_: Decimal point position 
Explanation 


- Customize data number (N_) 
- | A value of | to 4 can be specified for N. 
- | When tool management function customize data extension (5 to 
20) is available, a value of | to 20 can be specified. 
- | When tool management function customize data extension (5 to 
40) is available, a value of | to 40 can be specified. 


- Decimal point position (R_) 
Specify a decimal point position (0 to 7). When 0 is set, the number 
of decimal places of customize data cannot be input. 


NOTE 
If G10 L77 P35 is terminated normally, the power 
must be turned off before operation is continued. 
The setting becomes effective after the power is 
turned off then back on. 
When the number of decimal places is set for 
customize data, the number of decimal places can 
be input only through the MDI keys. 
To set the number of decimal places for customize 
data 5 to 20, the customize data extension (5 to 20) 
option for the tool management function or the 
customize data extension (5 to 40) option for the 
tool management function is required. 
To set the number of decimal places for customize 
data 21 to 40, the customize data extension (5 to 
40) option for the tool management function is 
required. 





59a Ts 


10. TOOL FUNCTION (T FUNCTION) PROGRAMMING 


Example 1 


- Use in the G10 format 
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When customize data 1 and customize data 2 are input with three 
decimal places 




































G10L77P5; Set the number of decimal places for 
customize data 
N1 R3; Set the number of decimal places to 3 for 
customize data 1 
N2 R3; Set the number of decimal places to 3 for 
customize data 2 
G11; Cancel the setting mode 
TOOL MANAGER OO123 NQOOGOQ 
NO. TYPE NO. MG POT a cusTOM1  —CUSTE CUSTOM3 = CUSTOM4 
a 6 @ 6 fpaeaeaa' 7 a () 
2 13) 8 8 fposeaeae a0 8 6 
3 6 28 @ foaaeees | 7 | 8 
4 6 26 @ aacacaa 8 
5 6 8 8 fposeaeae 6 
6 6 28 8 foseeees | | 8 
? 6 28 @ fposeaeee 8 
8 13) 6 6 paseanea 8 
9 6 @ 8 faceeces | 8. 608 | C) 
10 6 28 8 poaaaeas | 8. aa0 | 8 
11 6 26 @ jaaacacaa 8 8 
12 6 8 8 foseaeae 8 6 














Between G10 and G11, the decimal point cannot be specified at any 
address. So, if decimal point input for customize data is enabled 
with this function, a G10 L75/L76/L77 command using a custom 
macro variable (#8431 to #8450) reads and sets the value of the 
integer part. 


cee 
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(Example 1) 
Condition: 
"3" is set as the decimal point position of customize data 1. 
"1" is set as the decimal point position of customize data 2. 
Operation: 
Data is transferred from customize data 1 to customize data 
2 by using a custom macro variable. 








G10L77P5; <1> Set customize data decimal point position 

N1 R3; <2> Set 3 as decimal point position of customize data 1 
N2 R1; <3> Set 1 as decimal point position of customize data 2 
G11; <4> Cancel the setting mode 

G10 L75 P1; <5> Register tool management data 

NO1; <6> Register with No. 1 

P1R12345; <7> Set ’12.345” for customize data 1 

P2 R#8431; <8> Set ”1.2” for customize data 2 

G11; <9> Cancel the setting mode 








In Example 1, customize data | is directly set in customize data 2 
by using a custom macro variable. 

Customize data | holds "12.345". In step <8>, only the integer 
part is read and processed as "P2 R12". 

So, "1.2" is set in customize data 2. 


(Example 2) 
Condition: 
"3" is set as the decimal point position of customize data 1. 
"1" is set as the decimal point position of customize data 2. 
Operation: 
By using the custom macro variable of customize data 1, the 
data is transferred to customize data 2 after being multiplied 








by 1000. 
G10L77P5; <1> Set customize data decimal point position 
N1 R3; <2> Set 3 as decimal point position of customize data 1 
N2 R1; <3> Set 1 as decimal point position of customize data 2 
G11; <4> Cancel the setting mode 
G10 L75 P1; <5> Register tool management data 
NO1; <6> Register with No. 1 
P1R12345; <7> Set 12.345” for customize data 1 
P2 <8> Set 1234.5” for customize data 2 
R[#8431*1000]; 
G11; <9> Cancel the setting mode 








In Example 2, customize data | is directly set in customize data 2 
by using a custom macro variable. 

Customize data | holds "12.345". In step <8>, the data is 
multiplied by 1000 to eliminate the fractional part. 

So, this command is equivalent to "P2 R12345", so that "1234.5" 
is set in customize data 2. 
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10.3.4 Protection of Various Tool Information Items with the KEY 
Signal 


When tool management data is in the edit state, various information 
items can be modified. By setting bit 0 of parameter No. 13204 to 1, 
tool management data can be protected with the KEY signal so that 
various information items are not registered, modified, and deleted. 


10.3.5 Selection of a Tool Life Count Period 


A tool life count period can be chosen between | sec and 8 msec on a 
tool-by-tool basis. 


- Tool life count period selection 
Bit 5 of tool information is used to make a life count period selection. 





Item Description 
Data length 1 byte (flag data) 
#5 REV 0: A life count period of 1 sec is used. 
1: A life count period of 8 sec is used. 




















Range of count is as follows. 
Isec: 0 to 3,599,999 seconds (999 hours 59 minutes 59 seconds) 
8msec: 0 to 3,599,992 ms (59 minutes 59 seconds 992 milliseconds) 


NOTE 


This function is valid when the tool information TIM 
(#1) is set to 1. 





rom G1 23 NOOBB2Q 








NO. TYPE NO. MG POT T-INFO L-COUNT MAX-LIFE NOTICE-L_ L-STATE 
_1f[ 8 Oppepyyer i 8 of NO-MNG 
[OD 8 BePBUNCE a| 8 @ NO-MNG 
a GpepeUNcF[ =a of  —«S NO-MNG 
c) GpepeuNcF[ 2a c) 6 NO-MNG 

























Onoaunnrwn 
[<=] 








2 pebeUNEr 
8 nl aM 

Beli e b OM asl Bo con [al 
a 8 peipy OM Os| @ [ OM{ asl a 














° 
eooooodoocd0cd 0 00 8 
i] 














9 8 t) cbm eel os altel 
18 8 6 pp ; O-MNG 
11 a 8 pebeUNCE @ NO-MNG 
12 c) a C) 8 6 NO-MNG 
al | b 
A> 
MEM STOP #44 12: 08:80 





< MAGAZI@ TOOL |EACH TETOTAL FcCOPRT> 
NE ooL LIFE 
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10.3.6 Individual Data Screen 
All data for a specified tool can be extracted and displayed. 
10.3.7 Total Life Time Display for Tools of The Same Type 


The remaining lives of tools with the same type numbers are totaled, 
and totals are displayed in order by tool type number or by remaining 
life. Also, data of tools with the same tool type numbers are 
displayed in a list. 
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10.4 TOOL MANAGEMENT FUNCTION OVERSIZE TOOLS 
SUPPORT 


Overview 
Tool management function oversize tools support is added to the tool 
management function. 
The figure of an oversize tool can be defined freely, and the figure of 
each oversize tool is registered. When an oversize tool is stored in a 
cartridge, interference with tools stored in other pots is considered. 
This function is usable with cartridges of chain type and matrix type. 


Format 
By G10 data input, an oversize tool number can be set in the tool 
management data. Moreover, tool figure data can be set. 


<Registration of new tool management data> 
G10 L75 P14 ; 
N_; 





AL; 

G11; 
N_: Tool management data number 
A_: Specify tool figure number (0 to 20). 











<Modification of tool management data> 
G10 L75 P2; 
N_; 
AL; 
G11; 

N_: Tool management data number 

A_: Specify tool figure number (0 to 20). 














<Registration of tool figure data> 


G10 L77 P6; 





G11; 

N_: Tool figure number 

P_: Number of pots to be occupied in left direction (in steps 
of 0.5 pot) 

Q_: Number of pots to be occupied in right direction (in 
steps of 0.5 pot) 

R_: Number of pots to be occupied in upper direction (in 
steps of 0.5 pot) 

S_: Number of pots to be occupied in lower direction (in 
steps of 0.5 pot) 

T_: 0 for figure A, or 1 for figure B 
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NOTE 

1 Ifa target tool is registered in a cartridge and 
interferes with other tools in registration or 
modification of tool figure data of the tool 
management data, PS alarm 5360 is issued. (The 
data is not input.) 
If a tool interferes with other tools in registration or 


modification to the cartridge management table, PS 
alarm 5360 is issued. (The data is not input.) 

If an attempt is made to modify tool figure data, 
and the tool for which the tool figure data number 
subject to modification is set is registered in the 
cartridge, PS alarm 5360 is issued. (The data is 
not input.) 
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AUXILIARY FUNCTION 





Overview 


There are two types of auxiliary functions ; auxiliary function (M 

code) for specifying spindle start, spindle stop program end, and so on, 

and secondary auxiliary function (B code) for specifying index table 

positioning. 

When a move command and auxiliary function are specified in the 

same block, the commands are executed in one of the following two 

ways: 

(1) Simultaneous execution of the move command and auxiliary 
function commands. 

(2) Executing auxiliary function commands upon completion of 
move command execution. 

The selection of either sequence depends on the machine tool builder's 

specification. Refer to the manual issued by the machine tool builder 

for details. 
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11.7. AUXILIARY FUNCTION (M FUNCTION) 


When a numeral is specified following address M, code signal and a 
strobe signal are sent to the machine. The machine uses these signals 
to turn on or off its functions. 

Usually, only one M code can be specified in one block. In some cases. 
Depending on the setting of bit 7 (M3B) of parameter No. 3404, up to 
three M codes can be specified. 

Which M code corresponds to which machine function is determined 
by the machine tool builder. The machine processes all operations 
specified by M codes except those specified by M98, M99,M198 or 
called subprogram(Parameter No.6071 to 6079), or called custom 
macro (Parameter No.6080 to 6089). Refer to the machine tool 
builder's instruction manual for details. 


Explanation 


- M02,M03 (End of program) 


- MOO (Program stop) 


- M01 (Optional stop) 


The following M codes have special meanings. 


This indicates the end of the main program. 

Automatic operation is stopped and the CNC unit is reset. (This differs 
with the machine tool builder.) 

After a block specifying the end of the program is executed, control 
returns to the start of the program. 

Parameter M02 (No. 3404#5) or parameter M30 (No. 3404#4) can be 
used to disable M02, M30 from returning control to the start of the 
program. 


Automatic operation is stopped after a block containing M00 is 
executed. When the program is stopped, all existing modal 
information remains unchanged. The automatic operation can be 
restarted by actuating the cycle operation. (This differs with the 
machine tool builder.) 


Similarly to M00, automatic operation is stopped after a block 
containing M01 is executed. This code is only effective when the 
Optional Stop switch on the machine operator's panel has been 
pressed. 


- M98 (Calling of subprogram) 


- M99 (End of subprogram) 


This code is used to call a subprogram. The code and strobe signals 
are not sent. See the subprogram II-13.3 for details. 


This code indicates the end of a subprogram. 

M99 execution returns control to the main program. The code and 
strobe signals are not sent. See the subprogram section II-13.3 for 
details. 
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11.2 MULTIPLE M COMMANDS IN A SINGLE BLOCK 


Explanation 


Example 


Usually, only one M code can be specified in one block. By setting 
bit 7 (M3B) of parameter No. 3404 to 1, however, up to three M codes 
can be specified simultaneously in one block. 

Up to three M codes specified in one block are output to the machine 
at the same time. So, when compared with a case where a single M 
code is specified in one block, a reduced machining cycle time can be 
achieved. 


CNC allows up to three M codes to be specified in one block. 
However, some M codes cannot be specified at the same time due to 
mechanical operation restrictions. For detailed information about the 
mechanical operation restrictions on simultaneous specification of 
multiple M codes in one block, refer to the manual of each machine 
tool builder. 

M00, M01, M02, M30, M98, M99, or M198 must not be specified 
together with another M code. 

Some M codes other than M00, M01, M02, M30, M98, M99, and 
M198 cannot be specified together with other M codes; each of those 
M codes must be specified in a single block. 

Such M codes include these which direct the CNC to perform internal 
operations in addition to sending the M codes themselves to the 
machine. To be specified, such M codes are M codes for calling 
program numbers 9001 to 9009 and M codes for disabling advance 
reading (buffering) of subsequent blocks. Meanwhile, multiple of M 
codes that direct the CNC only to send the M codes themselves 
(without performing internal operations ) can be specified in a single 
block. 

However, it is possible to specify multiple M codes that are sent to the 
machine in the same block unless they direct the CNC to perform 
internal operations. (Since the processing method depends on the 
machine, refer to the manual of the machine tool builder.) 


One M command in a single block MUP ties inaisingle 


M40; M40M50M60; 
M50; G28G91X0Y0Z0; 


M60; 
G28G91X0Y0Z0; 
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11.3. MCODE GROUPING FUNCTION 


Overview 
Classifying a maximum of 500 M codes into a maximum of 127 
groups allows the user: 


e To receive an alarm if an M code that must be specified alone is 
included when multiple M codes are specified in a block. 


e To receive an alarm if M codes belonging to the same group are 
specified in the same block when multiple M codes are specified in 
a block. 


11.3.1 Setting an M Code Group Number Using the Setting Screen 


- Procedure for displaying the M code group setting screen 
You can use the “M code group setting screen” to set a group number 
for each M code. 


Display the “M code group setting screen” using the following 
procedure: 


(1) Press function key and the continuous menu key several 


times. Soft key [M CODE] appears. 
(2) Press soft key [M CODE]. 


In the “NUMBER” field, M codes for which an M code group can be 
set are displayed. 

An M code group can be set for the following M codes: M00 to M99, 
and any 400 M codes selected from M100 and subsequent M codes. 
For details of how to add the 100th and subsequent M codes, see the 
explanation of parameters Nos. 3441 to 3444. 


In the “WALUE” field, the M code group number corresponding to 
each M code is displayed. 


- Setting a group number 

To set an M code group number on the “M code group setting screen,” 

use he following procedure: 

1 Select the MDI mode. 

2 Set “PARAMETER WRITING” on the setting screen to 1. 

3. Display the “M code group setting screen. 

4 Move the cursor to the M code to be set using page keys and 
cursor keys. You can also enter the number of the M code to be 
set and press soft key [NO.SRH] to move the cursor to the M 
code. 

5 Enter a group number and press soft key [INPUT] or the 


[]key. 


The valid range of M code group numbers is from 1 to 127 (127 
groups). Ifa value of 0 is input, it is not registered as an M code 


group. 
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In the following examples, the number of digits of an M code is 4. 
<1> to <4> indicate parameters Nos. 3441 to 3444. 


(1) When <1> = 300, <2> = 400, <3> = 500, and <4> = 900 are set 


Number 
0000 


: } 100 codes 
0099 


0300 


: 100 codes 
0399 


0400 

; 100 codes 
0499 
0500 


: 100 codes 
0599 


0900 


: 100 codes 
0999 


M code groups can be set for M0000 to 
M0099, M0300 to M0599, and M0900 
to M999. 

M codes M0300 to M0599 and M0900 
to M999 are added to the M code group 
setting screen. 


(2) When <1>= 200, <2>=0, <3> = 550, and <4> = 800 are set 


Number 

0000 

0099 M code groups can be set for M0000 to M0099, 
ey M0200 to M0299, M0550 to M0649, and 

: M0800 to M0899. 

0299 (The setting of parameter <2> is invalid because 
a it is 0.) 

. In this case, M codes M0200 to M0299, M0550 
eines to M0649, and M0800 to M0899 are added to 
eu the M code group setting screen. 

0899 
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11.3.2 Setting an M Code Group Number Using a Program 


You can execute a program to set an M code group number and M 
code name. The command format is shown below. 


Format 





G10 L40 Pn Rg ; 
Pn: “n” specifies an M code. 
Rg: “g” specifies an M code group number. 











NOTE 
1 If the format is invalid, an alarm (PS1144) is issued. 
2 If anMcode group cannot be set for the M code 


specified for the P command or if the group number 
specified for the R command is not within the range 
between 0 and 127, an alarm (PS1305) is issued. 





(Example) 
Executing the following program sets M code group “1” to M03: 
G10 L40 P03 RI; 


- 259 - 


11.AUXILIARY FUNCTION 


PROGRAMMING B-63944EN/02 


11.3.3. MCode Group Check Function 


When multiple M commands in a single block (enabled when bit 7 
(M3B) of parameter No. 3404 is set to 1) are used, you can check the 
following items. You can also select whether to check the items 
using bit 1 (MGC) of parameter No. 3400. 


(1) 


(2) 


M code to be specified in a single block containing no other M 
codes 

If an M code which must be specified in a single block containing 
no other M codes is specified together with another M code, an 
alarm (PS5016) is issued. 

M codes in the same group 

If multiple M codes in the same group are specified together, an 
alarm (PS5016) is issued. 


The valid range of group numbers is from 0 to 127 (128 groups). 
Group numbers 0 and 1 have special meaning. Note the following 
points: 


Each M code with group number | is assumed to be an M code to 
be specified in a single block containing no other M codes. 

For each M code with group number 0, the “same group M code 
check” is ignored. That is, when multiple M codes with group 
number 0 are specified in a single block, the alarm is not issued. 
For each M code with group number 0, the “check for an M code 
to be specified in a single block containing no other M codes” is 
not ignored. That is, if an M code with group number | and an 
M code with group number 0 are specified in a single block, the 
alarm is issued. 

For M codes that are not to be output to the machine such as M98, 
M99, M198, and M codes for subprogram and macro calls (set in 
parameters Nos. 6071 to 6079 and Nos. 6080 to 6089 and with 
the macro executor), be sure to set 0 as the group number. 

For M00, M01, M02, M30, and M codes for which buffering is 
suppressed (set in parameters Nos. 3411 to 3432), be sure to set | 
as the group number. 
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11.4 SECOND AUXILIARY FUNCTIONS (B CODES) 


Overview 


Explanation 


- Range of specification 


- Output value 


If a value with a maximum of eight digits is specified after address B, 
the code signal and strobe signal are transferred for calculation of the 
rotation axis. The code signal is retained until the next B code is 
specified. 

Only one B code can be specified for each block. When the 
maximum number of digits are specified by parameter No.3033, an 
alarm is issued if the number of digits of a command exceeds the 
specified number. 

In addition, the address used for specifying the second auxiliary 
function can be changed to an address other than address B (address A, 
C, U, V, or W) by setting parameter No.3460. 

However, the address used for the second auxiliary function cannot 
also be used as the address of the controlled axis. For details, refer to 
the manual available from the machine tool builder. 


-99999999 to 99999999 


The value specified after the address of the second auxiliary function 
is output on the code signals BOO to B31. Note the following about a 
output value. 


1. When a command with a decimal point or a negative command is 
disabled 
(When parameter AUP (No.3450#0) is set to 0) 


When the second auxiliary function with no decimal point is 
specified, the specified value is output on the code signals as is, 
regardless of the desktop calculator decimal point setting 
(parameter DPI (No.3401#0)). 


Example: 
Specified value Output value 
B10 10 


When the second auxiliary function with a decimal point is 
specified, alarm PS0007 is issued. 

When the second auxiliary function is specified with a negative 
value, alarm PS0006 is issued. 
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When a command with a decimal point or a negative command is 
enabled 
(When parameter AUP (No.3450#0) is set to 1) 


When the desktop calculator decimal point setting is not 
specified (when parameter DPI (No.3401#0) is set to 0), if the 
second auxiliary function with no decimal point is specified, the 
specified value is output on the code signals as is. 


Example: 
Specified value Output value 
B10 10 


When desktop calculator decimal point input is specified (when 
parameter DPI (No.3401#0) is set to 1), if the second auxiliary 
function with no decimal point is specified, the specified value 
multiplied by a magnification is output on the code signals. 
(Magnifications are shown in Table 11.4 (a).) 


Example: 
Specified value Output value 
B10 10000 (When metric input is used and 


the reference axis is IS-B. The 
magnification is 1000.) 


When the second auxiliary function with a decimal point is 
specified, the specified value multiplied by a magnification is 
output to the code signals. (Magnifications are shown in Table 


11.4 (a).) 
Example: 
Specified value Output value 
B10. 10000 (When metric input is used and 


the reference axis is IS-B. The 
magnification is 1000.) 

BO.123 1230 (When inch input is used, the 
reference axis is IS-B, and 
parameter AUX is set to 1. The 
magnification is 10000.) 
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The magnification is determined as shown below according to 
the setting unit of the reference axis (specified by parameter 
No.1031) and parameter AUX (No.3405#0). 


Table 11.4 (a) Magnifications for an output value when the second 
auxiliary function with a decimal point is specified for 
desktop calculator decimal point input 


Setting unit 


Reference axis: 


Parameter 
AUX =0 
100x 


Parameter 
AUX = 1 
100x 





Reference axis: 


1000x 


1000x 





Metric input system |Reference axis: 


10000~x 


10000x 





Reference axis: 


100000x 


100000~x 





Reference axis: 


1000000x 


1000000~ 





Reference axis: 


100x 


1000x 





Reference axis: 


1000x 


10000x 





Inch input system _|Reference axis: 


10000~x 


100000~x 





Reference axis: 


100000x 


1000000~ 








/A\ CAUTION 





Reference axis: 


1000000x 





10000000~x 


If a decimal fraction remains after multiplying the 
specified value with a decimal point by a magnitude 


in Table 11.4 (a), the fraction is truncated. 
Example: 
Specified value Output value 


B0.12345 


1234 (When inch input is used, 


the reference axis is IS-B, and 
parameter AUX is set to 1. The 


magnification is 10000. 


NOTE 


If the number of digits of the specified value 
exceeds the allowable number of digits (set by 
parameter No.3033), alarm PSOOO3 is issued. 


When the specified value is multiplied by a 


magnitude in Table 11.4 (a), the allowable number 


of digits must be set for the resultant value. 


Limitation 





Addresses used for the second auxiliary functions (addresses specified 
with B or parameter No. 3460) cannot be used as the addresses used 


for controlled axis names. 
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12.7. FOLDERS 


Overview 
Folders can be created in program memory. 


12.1.1 Folder Configuration 


The following folders can be created: 

e —_ Folder names are up to 32 characters long. 

e —__ The following characters can be used in folder names: 
Alphabetical characters (uppercase and lowercase letters), 
numeric characters, and the symbols below: 

—-+.. 
Because "." and ".." are reserved folder names, they cannot be 
used. 


- Initial folders 
When program memory is initialized, folders having predefined 


structures and names are created. These folders are called initial 
folders. 


(1) Root folder 
The parent folder of all folders 
(2) System folder 
Contains subprograms and macro programs of the system. 
(3) MTB dedicated folder 1 
Contains subprograms and macro programs created by the 
machine tool builder. 
(4) MTB dedicated folder 2 
Contains subprograms and macro programs created by the 
machine tool builder. 
(5) User folder 
Contains programs created by the user. 
The following folders are further created in this folder: 
(a) Path folders (As many folders as the number of paths are 
created.) 
Each contains main programs, subprograms, and macro 
programs used for the corresponding path. 
(b) Common program folder 
Contains subprograms and macro programs used 
commonly. 


NOTE 


The initial folders can neither be deleted nor 
renamed. 
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[Initial folder configuration] 


The device that used to contain 
programs is called CNC_MEM. 


TONE WaEN Sats 


ieee seadssstpuncatettoartateele 


- (1) Root folder 
g (2) System folder 


| (3) MTB dedicated folder 1 
—— (4) MTB dedicated folder 2 


jos (5) User folder 


7 (a) Path folders 


Lo (b) Common program folder 











LIBRARY/ 
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- User created folders 
Folders other than the initial folders are called user created folders. 
User created folders can be created in the following initial folders: 
e User folder 
e Path folders 
User created folders can contain user created main programs, 
subprograms, and macro programs. 


NOTE 

1 Folder names must each be unique in the same 
folder. 

2 Each time a user created folder is created, the 
number of programs that can be registered 


decreases by one. 

Folder hierarchical levels of user created folders 
are limited. 

Up to three hierarchical levels starting from the 
user folder (USER/) are permitted. 





[Sample folder configuration] 








CYLINDER/ 





PISTON/ 


User created folders 
Programs are grouped by 
part to be machined, and the 
program groups are stored in 
individual folders. 


LIBRARY/ 
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12.1.2 Folder Attributes 


The following attributes can be set for folders except the root folder: 
e —_ Edit disable 
e —_ Edit/display disable 


- Edit disable 
Editing of the programs and folders in a folder can be disabled. 
A program in the folder can be output to an external device. 
A program cannot be input (registered) from an external device to the 
folder. 


- Edit/display disable 
Editing and display of the programs and folders in a folder can be 
disabled. 
When this attribute is set for a folder, the programs and folders in the 
folder become invisible. (The folder appears to contain nothing.) 
A program in the folder cannot be output to an external device and a 
program cannot be input (registered) from an external device to a 
folder. 
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12.1.3 Default Folders 


- Foreground default folder 


- Background default folder 


Default folders are folders on which operations are performed when 
no folder is specified. There are two types of default folders as 
follows: 

e _ Foreground default folder 

e Background default folder 


A folder used for foreground operations except automatic operations 
and program editing is set. 

The target operations include: 

e = Program input/output 

e —_ External data input 

e —_ External workpiece number search 


A folder used for background operations is set. 
The target operations include: 

e Program input/output 

e —_ External I/O device control 


NOTE 

1 When the foreground or background default folder 
is not set, a path folder, which is an initial folder, is 
assumed. 


Foreground and background default folder settings 
are stored in default folder setting files. 

When a program file, program folder, or program 
folder management file is cleared, the default folder 
setting file is cleared at the same time. 
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12.2. FILES 


Overview 
Desired file names can be given to part programs in program memory. 


12.2.1 File Name 


File names can be set as follows: 
e File names are up to 32 characters long. 
e The following characters can be used in file names: 
Alphabetical characters (uppercase and lowercase letters), 
numeric characters, and the symbols below: 
—-+.. 
Because "." and ".." are reserved file names, they cannot be used. 


- File names and program numbers 
File names are associated with program numbers as explained below. 
When the file name of a program consists of "O" plus a numeric with 
the following limitation, the program can be handled also by program 


number. 
e The numeric must be a leading zero suppressed value from 1 to 
9999. 


When the file name of a program does not have the above format, the 
program cannot be handled by program number. 

When a file name consisting of "O" plus a numeric does not satisfy the 
above limitation, the file cannot be created. 


Example) 

File names that can be treated as program numbers 
0123 Program number 123 
Ol Program number 1 
03000 Program number 3000 
09999 Program number 9999 

File names that cannot be treated as program numbers 
ABC 
0123 
0123.4 


NOTE 

1 File names must each be unique in the same 
folder. 

2 When the file name of a program is not treated as a 
program number, the program is restricted as 


follows: 

- The program cannot be specified by program 
number. 

- Information output by program number is 
impossible.. 
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- Displaying File Names and Program Numbers 
The file name of the program selected or being executed as the main 
program is displayed as shown in Figs. 12.2.1 (a) to 12.2.2 (c). 


e For file names that can be handled as program numbers, the 
program number is displayed. 


acacia 00001 NOOUB2 
FOREGROUND FOLDER //CNC_MEM/USER/PATH17 
BACKGROUND FOLDER //CNC_MEM/USER/PATH1/ 
USED PAGE 2CKBYTE] USED FILES 13 
FREE PAGE 8289 [KBYTE] FREE FILES 59 








DEVICE : CNC_MEM € CURRENT FOLDER: /USER/PATH1/ > 
RETURN TO UPPER FOLDER <FOLDER> A 
CYLINDER_BLOCK_TAPPING_NUMBER3 1{KBYTE] 2064/62/16 20:35:18 
GEAR A(KBYTE] 2004/62/16 20:39:62 
098862 A[KBYTE] 2004/62/16 20:35:04 
Vv 
A> 


EDIT STOP *** ane | [12:00:00 | | 


< PDEVICE|FORE |BACK |MAIN |DETAIL CREATE | CREATE | DELETE | RENAME | PROGRM | + 
CHANGE | CHANGE | CHANGE | PROGRM | ON PROGRM | FOLDER CNDENS 





Fig. 12.2.1 (a) File name display 1 


e —_- For file names that cannot be handled as program numbers, the 
file name is displayed. 
The display layout varies as shown below, depending on the 
length of a file name. 


PROGRAM FOLDER GEAR NOOOoUYG 


Fig. 12.2.1 (b) File name display 2 


IPROGRAM FOLDER aaa i N Q %4) %4) Q %4) 


Fig. 12.2.1 (c) File name display 4 
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12.2.2 File Attributes 


- Edit disable 


- Edit/display disable 


- Encoding 


The following attributes can be set for files: 

e —_ Edit disable 

e —_ Edit/display disable 

e = Encoding 

e Change protection level/output protection level 


Editing of a specified program can be disabled. 
A program cannot be input (registered) from an external device to the 
folder. 


Editing and display of a specified program can be disabled. 

When this attribute is set, the program becomes invisible. 

(The folder appears not to contain this program.) 

An output to an external device and an input from an external device 
(program registration) cannot be made. 


A specified program can be encoded. 

For details of encoding, see the description of the “Program 
encryption” function. 

An output to an external device and an input from an external device 
(program registration) cannot be made. 


- Change protection level/output protection level 


With the 8-level data protection function, change and output 
protection can be provided for a specified program. 

For details of the 8-level data protection function, see the description 
of the “Protection of data at eight levels” function. 
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12.3 RELATION WITH CONVENTIONAL FUNCTIONS 


This section explains relation with conventional functions when folder 
names and file names are used. 


12.3.1 Relation with Folders 


- Automatic operation 
Main program 


This subsection explains how folders are used for operations and 
editing. 


As the main program running for an automatic operation, a program in 
a desired folder can be selected. 


Subprogram (called by M98/G72.1/G72.2) 
Macro program (called by G65/G66/G66.1/M96) 


e Subprogram call (M98) 

e = Macro call (simple call G65/modal call G66, G66.1) 

e =©Macro interrupt (M96) 

e ~—- Figure copy (G72.1, G72.2) 

When a call listed above is made, folders are searched in the following 
order, and the program found first is called: 

<1> Folders containing the main program 

<2> Common program folder, which is an initial folder 


Bit 7 (SCF) of parameter No. 3457 can be used to add the following 
search folders. (The folders are searched in the order listed below.) 
The folder to be actually enabled is separately set by bits 0 to 3 of 
parameters No. 3457. 

<3> MTB dedicated folder 2, which is an initial folder 

<4> MTB dedicated folder 1, which is an initial folder 

<5> System folder, which is an initial folder 


Subprogram (called by M code/specific address/2nd auxiliary function) 
Macro program (called by G code/M code/T code/one touch macro) 


e Subprogram call by M_ code/specific address/2nd auxiliary 
function code 

e = Macro call by G code/M code/T code 

e One touch macro call 

For programs called as listed above, the folders to be searched are set 

in the parameters (No.3457#0 to #3) in advance. (The search order is 

described below.) 

The folders set as the search targets are searched, and the program 

found first is called. 

<1> Common program folder, which is an initial folder 

<2> MTB dedicated folder 2, which is an initial folder 

<3> MTB dedicated folder 1, which is an initial folder 

<4> System folder, which is an initial folder 
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- Program editing 
A program in any folder can be edited. 


- Program I/O 
The following functions are performed for default folders: 
e Program input from external devices 
e Program output to external devices 
(Except the format with folder names) 


The following functions are performed for a set background default 
folder: 
e —_ External I/O device control 


- External data input 
A set foreground default folder is searched for an external program. 


- External workpiece number search 
A set foreground default folder is searched for an external workpiece 
number. 


- Macro executor 
Programs called by execution macros, conversational macros, and 
auxiliary macros are programs in P-Code files regardless of the default 
folder. 
For programs on the macro executor, the folder function and file name 
function are unavailable. 


SOTA 
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12.3.2 Relation with File Names 


- Subprogram call by file name 


- Macro call by file name 


File names can be used with the following functions: 


Subprogram call (M98) 

Macro call (simple call G65/modal call G66, G66.1) 
Interruption type macro call (M96) 

Subprogram call in figure copy (G72.1, G72.2) 
Program I/O with external devices 


Subprogram call (M98) 

Macro call (G65/G66/G66.1) 
Interruption type macro call (M96) 
Figure copy (G72.1, G72.2) 


When a program is called in the above functions, a subprogram call by 
file name and a macro call by file name can be used. 


Subprogram call by file name 
M98 <file-name> Lxx ; 
Macro call by file name 
G65 <file-name> Lxx argument-specification ; 
G66 <file-name> Lxx argument-specification ; 
G66.1 <file-name> Lxx argument-specification ; 
Interruption type macro call 
M96 <file-name> ; 
Subprogram call by file name in figure copy (G72.1, G72.2) 
G72.1 <file-name> Lxx Xxx Yxx Rxx ; 
G72.2 <file-name> Lxx Ixx Jxx ; 


In the above subprogram and macro calls, the program having the file 
name indicated by <file-name> is called. 


Format examples: 


Subprogram call 
M98 <R50> LI ; 
Macro call 
G65 <R50> L1 AO ; 
G66 <R50>L1 Al; 
G66.1 <R50>L1 A2 ; 
Interruption type macro call 
M96 <R50> ; 
Subprogram call in figure copy 
G72.1 <R50>L1 X0 YO RO; 
G72.2 <R50> L1 10 JO; 
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NOTE 

1 When characters in <> are read, they are treated in 
the same way as for characters in comments. So, 
note that these characters are treated differently 
from other significant information portions. 


Refer to Appendix B “PROGRAM CODE LIST” for 
detils. 

The <file-name> word must be placed immediately 
after each word for calling (M98, G65, and so 
forth). 
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12.3.3 Related Parameters 


Parameter 
No. 


12.PROGRAM MANAGEMENT 


This subsection lists the meanings of parameters related to program 
numbers and the folders and programs to be manipulated or executed. 


Description 


Disables or enables editing of programs 
08000 to O8999. 


Manipulation/execution target 


Corresponding programs in all folders 





Disables or enables editing of programs 
09000 to 09999. 


Same as above 





Disables or enables editing of programs 
080000000 to 08999999. 


Same as above 





Disables or enables editing of programs 
090000000 to 099999999. 


Same as above 





Assumes or does not assume a particular 
program number in the nine thousands to 


be a number obtained by adding 90000000. 


Same as above 





3210/3211 


Password/keyword for protecting programs 
in the nine thousands 


Same as above 





3222/3223 


Program protection range (minimum 
value)/(maximum value) 


Same as above 





3404 


In the subprogram call function, address P 
in the M198 block specifies a file/program 
number. 


(Not dependent on the folder function and 
file name function) 





Calls or does not call a custom macro by T 
code. 


The following initial folders can be selected 
by parameter setting: 

- Common program folder 

- MTB dedicated folder 2 

- MTB dedicated folder 1 

- System folder 





6050 to 6059 


G code for calling a custom macro with 
program No. 9010 to 9019 


Same as above 





6071 to 6079 


M code for calling a subprogram with 
program No. 9001 to 9009 


Same as above 





6080 to 6089 


M code for calling a custom macro with 
program No. 9020 to 9029 


Same as above 





6090/6091 


ASCII code for calling a subprogram with 
program No. 9004/9005 


Same as above 





8341/8343 








Target program number (for 4- and 8-digit 
O number) for sequence number 
comparison and stop 
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PROGRAM CONFIGURATION 





Overview 
- Main program and subprogram 
There are two program types, main program and subprogram. 
Normally, the CNC operates according to the main program. 
However, when a command calling a subprogram is encountered in 
the main program, control is passed to the subprogram. When a 
command specifying a return to the main program is encountered in a 
subprogram, control is returned to the main program. 


Main program Subprogram 


Instruction 1 Instruction 1’ 








Instruction 2 Instruction 2’ 








' 





Follow the direction of the 
subprogram 





Instruction n 





Instruction n+1 








' 


Return to the main program 





Fig. 13 (a) Main program and Subprogram 


The CNC memory can hold up to 1000 main programs and 
subprograms (63 as standard). A main program can be selected from 
the stored main programs to operate the machine. See III-9 or III-10.4 
for the methods of registering and selecting programs. 
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- Program components 
A program consists of the following components: 


Table 13 (a) Program components 


Components Descriptions 


Program code start Symbol indicating the start of a program file 
Leader section Used for the title of a program file, etc. 
Program start Symbol indicating the start of a program 
Program section Commands for machining 

Comment section Comments or directions for the operator 
Program code end Symbol indicating the end of a program file 























——=— Leader section 


Program code start % TITLE » “t-— Program start 
00001 ; 


(COMMENT)  «—+— 


Program section Comment section 


M30 : 


% «+ Program code end 








Fig. 13 (b) Program configuration 


- Program section configuration 
A program section consists of several blocks. A program section starts 
with a program number or file name and ends with a program end 


code. 

Program section Program section 
configuration 

Program number 00001 ; 

Block 1 N1 G91 GOO X120.0 Y80.0 ; 
Block 2 N2 G43 Z-32.0 HO1 ; 

Block n Nn ZO ; 


Program end M30 ; 


A block contains information necessary for machining, such as a move 
command or coolant on/off command. Specifying a slash (/) at the 
start of a block disables the execution of some blocks (see "optional 
block skip" in II-13.2). 
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13.171 | PROGRAM COMPONENTS OTHER THAN PROGRAM 
SECTIONS 





This section describes program components other than program 
sections. See II-13.2 for a program section. 





Leader section 


Program code start % TITLE ; Program start 
00001 ; 


Program section (COMMENT) Comment section 


M30 ; 


% Program code end 

















Fig. 13.1 (a) Program configuration 


Explanation 


- Program code start 
The program code start indicates the start of a file that contains NC 
programs. 
The mark is not required when programs are entered using SYSTEM 
P or ordinary personal computers. The mark is not displayed on the 
screen. However, if the file is output, the mark is automatically output 
at the start of the file. 


Table 13.1 (a) Code of a program code start 


manual 





Program code start 


- Leader section 
Data entered before the programs in a file constitutes a leader section. 
When machining is started, the label skip state is usually set by 
turning on the power or resetting the system. In the label skip state, all 
information is ignored until the first end-of-block code is read. 
When a file is read into the CNC unit from an I/O device, leader 
sections are skipped by the label skip function. 
A leader section generally contains information such as a file header. 
When a leader section is skipped, even a TV parity check is not made. 
So a leader section can contain any codes except the EOB code. 


- 280 - 


B-63944EN/02 


- Program start 


- Comment section 
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The program start code is to be entered immediately after a leader 
section, that is, immediately before a program section. 

This code indicates the start of a program, and is always required to 
disable the label skip function. 

With SYSTEM P or ordinary personal computers, this code can be 
entered by pressing the return key. 


Table 13.1 (b) Code of a program start 


manual 


Program start | LF | CRT 


NOTE 
If one file contains multiple programs, the EOB code 
for label skip operation must not appear before a 
second or subsequent program number. 





Any information enclosed by the control-out and control-in codes is 
regarded as a comment. 

The user can enter a header, comments, directions to the operator, etc. 
in a comment section. 


Table 13.1 (c) Codes of a control-in and a control-out 


| Name ISO code|EIA code| V°tation in this | Meaning | 
manual 
tart of t 
section 
t 
section 


When a program is read into memory for memory operation, comment 
sections, if any, are not ignored but are also read into memory. Note, 
however, that codes other than those listed in the code table in 
Appendix A are ignored, and thus are not read into memory. 

When data in memory is output on external I/O device(See III-8), the 
comment sections are also output. 

When a program is displayed on the screen, its comment sections are 
also displayed. However, those codes that were ignored when read 
into memory are not output or displayed. 

During memory operation or DNC operation, all comment sections are 
ignored. 

The TV check function can be used for a comment section by setting 
parameter CTV (bit 1 of No. 0100). 
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- Program code end 


/\ CAUTION 
If along comment section appears in the middle of a 
program section, a move along an axis may be 
suspended for a long time because of such a 
comment section. So a comment section should be 
placed where movement suspension may occur or 
no movement is involved. 


NOTE 

1 If only a control-in code is read with no matching 
control-out code, the read control-in code is ignored. 

2 The following codes cannot be used in the comment 
section: 





A program code end is to be placed at the end of a file containing NC 
programs. 

If programs are entered using the automatic programming system, the 
mark need not be entered. 

The mark is not displayed on the screen. However, when a file is 
output, the mark is automatically output at the end of the file. 

If an attempt is made to execute % when M02 or MO3 is not placed at 
the end of the program, the alarm PS5010 is occurred. 


Table 13.1 (d) Code of a program code end 


manual 





Program code end 
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13.2 PROGRAM SECTION CONFIGURATION 


- Program number 


This section describes elements of a program section. See II-13.1 for 
program components other than program sections. 


TT __ Program number 
% | TITLE ; 





00001 ; 
Nites 
ee | Sequence number 


Program section (COMMENT) 


M30 ; 


% re Program end 














Fig. 13.2 (a) Program configuration 


A program number consisting of address O followed by a four-digit 
number is assigned to each program at the beginning registered in 
memory to identify the program. When the 8-digit number function 
is selected, the program number consists of eight digits (see II-13.4). 
In ISO code, the colon ( : ) can be used instead of O. 

When no program number is specified at the start of a program, the 
sequence number (N....) at the start of the program is regarded as its 
program number. If a five-digit sequence number is used, the lower 
four digits are registered as a program number. If the lower four digits 
are all 0, the program number registered immediately before added to 
1 is registered as a program number. Note, however, that NO cannot 
be used for a program number. 

If there is no program number or sequence number at the start of a 
program, a program number must be specified using the MDI panel 
when the program is stored in memory (See III-8.4 or II-9.1) 


NOTE 
Program numbers 8000 to 9999 may be used by 


machine tool builders, and the user may not be able 
to use these numbers. 
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- File name 
A file name can be assigned instead of a program number. 
When coding a file name, be sure to place the file name enclosed in 
"<" and ">" at the beginning of a program. 
Example) % ; 
<PARTS_1>; 
N1... 


M30 ; 
% 


NOTE 
A file name can be coded: 
- At the beginning of a program 


- Immediately after M98, G65, G66, G66.1, M96, 
G72.1, or G72.2 
Do not code a file name in other than the above. 





- Sequence number and block 
A program consists of several commands. One command unit is called 


a block. One block is separated from another with an EOB of end of 
block code. 


Table 13.2 (e) EOB code 


| == Name sd ISO code | ElA code Notation in this manual 
Endofblock(EOB) [| LF [| cR |; 


At the head of a block, a sequence number consisting of address N 
followed by a number not longer than eight digits (1 to 99999999) can 
be placed. Sequence numbers can be specified in a random order, and 
any numbers can be skipped. Sequence numbers may be specified 
for all blocks or only for desired blocks of the program. In general, 
however, it is convenient to assign sequence numbers in ascending 
order in phase with the machining steps (for example, when a new tool 
is used by tool replacement, and machining proceeds to a new surface 
with table indexing.) 








N300X200.0Z300.0 ; A sequence number is underlined. 








Fig. 13.2 (b) Sequence number and block (example) 


NOTE 
NO must not be used for the reason of file 
compatibility with other CNC systems. 


Program number 0 cannot be used. So 0 must not 
be used for a sequence number regarded as a 
program number. 
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- TV check (Vertical parity check) 

A parity check is made for each block of input data. If the number of 
characters in one block (starting with the code immediately after an 
EOB and ending with the next EOB) is odd, a P/S alarm (No.002) is 
output. 

No TV check is made only for those parts that are skipped by the label 
skip function. Bit 1 (CTV) of parameter No. 0100 is used to specify 
whether comments enclosed in parentheses are counted as characters 
during TV check. The TV check function can be enabled or disabled 
by setting on the MDI unit (See III-12.3.1.). 


- Block configuration (word and address) 
A block consists of one or more words. A word consists of an 
address followed by a number some digits long. (The plus sign (+) or 
minus sign (-) may be prefixed to a number.) 
For an address, one of the letters (A to Z) is used ; an address defines 
the meaning of a number that follows the address. 

Word = Address + number (Example : X-1000) 

Table 13.2 (f) indicates the usable addresses and their meanings. 
The same address may have different meanings, depending on the 
preparatory function specification. 


Table 13.2 (g) Major functions and addresses 
Function Address Meaning 
Program number Program number 
Sequence number Sequence number 
Specifies a motion mode (linear, 
arc, etc.) 





2/0, 





Preparatory function 





x 
Bs 
N 
c| @ 
< 
= 


Coordinate axis move command 





Dimension word 


| 


vv |wWi/Z\Alo}| nm |a\o|w 
Alo 


Coordinate of the arc center 

Arc radius 

Rate of feed per minute, 

Rate of feed per revolution 
Spindle speed 

Tool number 

On/off control on the machine tool 
Table indexing, etc. 








Feed function 





Spindle speed function 
Tool function 











Auxiliary function 





Program number 
designation 

Number of repetitions 
Parameter 


Subprogram number 





Number of subprogram repetitions 
Canned cycle parameter 











0/0 
O |I- 





Offset number D,H Offset number 
Dwell P, X Dwell time 





P,X,U___ [Dwell time 
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NOTE 


(*) In ISO code, the colon (: ) can also be used as the 
address of a program number. 








N_ G_ xX YL F_ s_ T M_ 
Sequence Preparatory Dimension Feed-functi Spindle Tool Auxiliary 
number function word on speed function function 


function 





Fig. 13.2 (c) 1 block (example) 


- Major addresses and ranges of command values 
Major addresses and the ranges of values specified for the addresses 
are shown below. Note that these figures represent limits on the CNC 
side, which are totally different from limits on the machine tool side. 
For example, the CNC allows a tool to traverse up to about 100 m (in 
millimeter input) along the X axis. 
However, an actual stroke along the X axis may be limited to 2 m for 
a specific machine tool. 
Similarly, the CNC may be able to control a cutting feedrate of up to 
240 m/min, but the machine tool may not allow more than 3 m/min. 
When developing a program, the user should carefully read the 
manuals of the machine tool as well as this manual to be familiar with 
the restrictions on programming. 


Table 13.2 (d) | Major addresses and ranges of command values 


| Function | Address | inputinmm | Inputininch 
a 


+999999,99 deg. +999999.99 deg. 
XY ZUV +999999,.999 deg +999999.999 deg. : 
zi [moons [i 
word KR (2) '' | +99999.9999 deg. +99999.9999 deg. 
+9999.99999 deg. +9999.99999 deg. 
+999.999999 deg. +999.999999 deg. 


Increment system IS-A 0.01 to 999000.00mm/min 0.001 to 96000.000inch/min 
0.001 to 999000.000mm/min 0.0001 to 9600.0000inch/min 








peda ner Increment system IS-B 
: | Increment system IS-C_| system IS-C 0.0001 to 99999.9999mm/min 0.00001 to 4000.00000inch/min 


minute 
Increment system IS-D 


Increment system IS-E 


0.00001 to 9999.99999mm/min | 0.000001 to 400.000000inch/min 
0.000001 to 999.999999mm/min | 0.0000001 to 40.0000000inch/min 
Spindle speed function gs 0 to 99999999 0 to 99999999 
Tool function 0 to 99999999 0 to 99999999 
0 to 99999999 0 to 99999999 
.D 


F 
Feed per revolution 0.001 to 50000mm/rev 0.0001 to 50,0000inch/rev 
ii 


Auxiliary function C4) 
0 to 99999999 0 to 99999999 
Offset number (M series only) 0 to 999 0 to 999 
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[| Function | Address | inputinmm ——|_—sinputininch | 
Increment system IS-A 0 to 999999.99 sec 0 to 999999.99 sec 

x, 

U (T series 

only) 


[Dwell = —“*;‘*s*SCSC~*d PCC 1 to. 99999999 1 to 99999999 
Designation of aprogramnumber _|P ———_| 1 to 99999999 1 to 99999999 
- 1 to 99999999 1 to 99999999 
Number of subprogram repetitions 
IPs 0 to. 9999 0 to 9999 


*1 In ISO code, the colon (: ) can also be used as the address of a 
program number. 

*2 When address I, J, K, or R is used to specify the radius for 
circular interpolation, the specifiable range is as follows: 


Input inmm | __ Input in inch _| 


IS-D +9999999.99999 mm +999999.999999 inch 


+999999.999999 mm +99999.9999999 inch 


*3 For inch input/millimeter machines, the maximum specifiable 
range of dimension words is as follows: 
IS-A +39370.078 inch 

















893,700787 inch 
89,3700787 inch 








*4 The maximum value of addresses M, S, T, and B is 99999999. 
Note that, however, values longer than the permissible number of 
digits set in parameter No. 3030 to 3033 cannot be specified. The 
values and uses for some codes are limited by parameter setting. 
(For example, some M codes are not buffered.) For details, refer 
to the parameter manual. 


- Optional block skip 
When a slash followed by a number (/n (n=1 to 9)) is specified at the 
head of a block, and optional block skip signals BDT1 to BDT9 are 
set to 1 during automatic operation, the information (/n to the end of 
the block (EOB)) contained in the block for which /n corresponding to 
signal BDTn is specified is ignored. 


Example 1) 
/2 N123 X100.0 Y200.0; 
Example 2) 
//3 N123 X100.0 Y200.0 ; — Incorrect 


/1. /3 N123 X100.0 Y200.0_ ; — Correct 
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Input signal and program code 



































Input signal Start code to be ignored 
BDT1 Lor /1NOT®) 
BDT2 /2 
BDT3 13 
BDT4 14 
BDT5 15 
BDT6 6 
BDT7 IT 
BDT8 18 
BDT9 19 











NOTE 

1 Number 1 for /1 can be omitted. However, when 
two or more optional block skips are specified for 
one block, number 1 for /1 cannot be omitted. 


Depending on the machine tool, all optional block 
skip signals (1 to 9) may not be usable. Refer to 
manuals of the machine tool builder to find which 
switches are usable. 





The following shows the relationship between the timing at which 
optional block skip signals BDT1 to BDT9 are set to 1 and the range 
of information to be ignored. 


1. When the signal BDTn is set to | before the CNC starts reading a 
block that contains /n, the block is ignored. 


BDTn mae 
"0" 
Read byCNC > . . . ;/nN123 X100. Y200. ;N234 


This range of information is ignored. 








2. When the signal BDTn is set to 1 while the CNC is reading a 
block that contains /n, the block is not ignored. 





BDTn "1" ee OC 


"oO" 


Read by CNC > ... . ;/n N123 X100. Y200.;N234.... 


——— 


This range of information is not ignored. 
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When the signal BDTn is set to 0 while the CNC is reading a 
block that contains /n, the block is ignored. 


BDTn "1" | 


"oO" 


Read byCNC > . . . ;/nN123 X100. Y200.; N234. 


This range of information is ignored. 





4. Two or more optional block skips can be specified in one block. 


When the signal corresponding to any of the specified skips is set 
to 1, the block is ignored. 


BDT3 "1" 


"0" 
Read byCNC> . . .;/1/3/5N123 X100. Y200.; N234. 


This range of information is ignored. 


NOTE 

1 This function is not used when a program is 
registered in memory. A block containing / is 
registered in memory regardless of the statuses of 
optional block skip signals. When a program in 
memory is also output regardless of the statuses of 
optional block skip signals. 
In addition, the optional block skip function is enabled 
during a search for a sequence number. 
Position of a slash 
A slash (/) must be specified at the head of a block. If 
a slash is placed elsewhere, the information from the 
slash to immediately before the EOB code is ignored. 
TV and TH check 
When the optional block skip signal is set to 1, TH 
and TV checks are made for the skipped portions in 
the same way as when the optional block skip signal 
is set to 0. 
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- Program end 
The end of a program is indicated by programming one of the 
following codes at the end of the program: 


Table 13.2 (h) Code of a program end 
Meaning usage 


For main program 








For subprogram 





If one of the program end codes is executed in program execution, the 
CNC terminates the execution of the program, and the reset state is set. 
When the subprogram end code is executed, control returns to the 
program that called the subprogram. 


/\ CAUTION 
A block containing an optional block skip code such 


as /M02 ; , /M30; , or /M99 ; is not regarded as the 
end of aprogram. (see "Optional block skip".) 
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13.3 | SUBPROGRAM (M98, M99) 


If a program contains a fixed sequence or frequently repeated pattern, 
such a sequence or pattern can be stored as a subprogram in memory 
to simplify the program. 

A subprogram can be called from the main program. 

A called subprogram can also call another subprogram. 


Format 
- Subprogram configuration 
One subprogram 


Subprogram number or subprogram file 
name (or the colon (:) optionally in the 
case of ISO) 


Program end 


M99 need not constitute a separate block as indicated 
below. 





Example) X100.0Y100.0M99; 


- Subprogram call 
- When a subprogram with a 4-digit or shorter 
program number is called 


M98 Pxxxx a : 


Subprogram number 
Number of times the subprogram is called repeatedly 


- When a subprogram with a 5-digit or longer 
program number is called 
M98 Pxxxxxxxx LXXXXXXXX ; 


Subprogram number 
Number of times the subprogram is called repeatedly 


- When a subprogram is called by file name 
M98 <xxxx> LXxXxXxXXXXx ; 


Subprogram file name 
Number of times the subprogram is called repeatedly 
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- Called program and folders to be searched 
The order in which folders are searched depends on the method of 
calling a subprogram. Folders are searched in sequence and the 
program found first is called. For details, see the "Managing 
Programs" chapter. 


NOTE 
1 When a subprogram with a subprogram number 
shorter than 4 digits is called, the length of the 
subprogram number must be adjusted to 4 digits by 
adding O(s) to the beginning of the program 
number. 
Example) 
P100100: Call subprogram No. 100 ten times. 
P50001: Call subprogram No. 1 five times. 
If the number of times the subprogram is called 
repeatedly is omitted when a subprogram with a 
4-digit or shorter program number is called, the 
subprogram is called just once. 
In this case, it is not necessary to adjust the 
subprogram number length to 4 digits as described 
in Item 1 above. 
When calling a subprogram with a 4-digit or shorter 
program number, do not specify address L in the 
same block. 
When calling a subprogram with a 5-digit or longer 
program number, do not omit the specification of 
the number of repeats. 
When calling a subprogram by file name, be sure 
to specify the file name immediately after M98. 





Explanation 
When the main program calls a subprogram, it is regarded as a 
one-level subprogram call. Thus, subprogram calls can be nested up to 
four levels as shown below. 
Main program Subprogram Subprogram Subprogram Subprogram 
O01 000 : 03000 ; 


M98P2000 ; ; M98P4000 ; 








(One-level (Two-level (Three-level (Four-level 
nesting) nesting) nesting) nesting) 





A single call command can repeatedly call a subprogram up to 
99999999 times. For compatibility with automatic programming 
systems, in the first block, Nxxxxxxxx can be used instead of a 
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subprogram number that follows O (or :). A sequence number after N 
is registered as a subprogram number. 


NOTE 

1 The M98 and M99 code signal and strobe signal 
are not output to the machine tool. 

2 If the subprogram number specified by address P 
cannot be found, an alarm PSO0078 is output. 

3 When an attempt is made to call a subprogram by 
file name, but the specified file cannot be found, 
alarm PS0310 is issued. 


Example 


- M98 P51002 ; 


This command specifies "Call the subprogram (number 1002) five times in 
succession." A subprogram call command (M98P_) can be specified in the 
same block as a move command. 


- X1000.0 M98 P1200 ; 


This example calls the subprogram (number 1200) after an X movement. 


Execution sequence of subprograms called from a main program 


Main program q, Bee Subprogram 
NOO10...; 01010...; 


NO020...; N1020...; 
NO030 M98 P21010 ; N1030...; 
NO040...; N1040...; 
NOO50 M98 P1010 ; N1050...; 
NOO60...; ~< N1060... 





A subprogram can call another subprogram in the same way as a main pro 


gram calls a subprogram. 
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Special usage 
- Specifying the sequence number for the return destination in the main program 

If P is used to specify a sequence number when a subprogram is 
terminated, control does not return to the block after the calling block, 
but returns to the block with the sequence number specified by P. 
Note, however, that P is ignored if the main program is operating in a 
mode other than memory operation mode. 

This method consumes a much longer time than the normal return 
method to return to the main program. 


Main program Subprogram 


NO010...; 00010... 
N0020...; _ N1020 
N0030 M98 P1010 ; N1030... 
NO040...; 


N1040... 
NOOSO...; N1050.. 


NOO60...; «~~ N1060 . . . M99 P0060 ; 





- Using M99 in the main program 
If M99 is executed in a main program, control returns to the start of 
the main program. For example, M99 can be executed by placing 
/M99 ; at an appropriate location of the main program and setting the 
optional block skip function to off when executing the main program. 
When M99 is executed, control returns to the start of the main 
program, then execution is repeated starting at the head of the main 
program. 
Execution is repeated while the optional block skip function is set to 
off. 
If the optional block skip function is set to on, the /M99 ; block is 
skipped ; control is passed to the next block for continued execution. 
If/M99Pn ; is specified, control returns not to the start of the main 
program, but to sequence number n. In this case, a longer time is 
required to return to sequence number n. 


NO010...; 
N0020...; 
NO030...; 
NO040...; 


Optional block skip ie No050...; ©=———— 
OFF NO060 ... M99 P0030; | Optional block 
NOO70...; <———'_ skip ON 


NO080 M02 : 
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A subprogram can be executed just like a main program by searching 
for the start of the subprogram with the MDI. 

(See III-10.4 for information about search operation.) 

In this case, if a block containing M99 is executed, control returns to 
the start of the subprogram for repeated execution. If a block 
containing M99Pn is executed, control returns to the block with 
sequence number n in the subprogram for repeated execution. To 
terminate this program, a block containing /M02 ; or /M30 ; must be 
placed at an appropriate location, and the optional block switch must 
be set to off ; this switch is to be set to on first. 


N1010...; 


N1020...; 
N1030...; _—___ = 
/ N1040... M02 ; 
N1050 M99 P1020 ; Optional block skip 
ON 
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FUNCTIONS TO SIMPLIFY 
PROGRAMMING 


This chapter explains the following items: 
14.1 FIGURE COPY (G72.1, G72.2) 


14.2 THREE-DIMENSIONAL COORDINATE CONVERSION 
(G68/G68.1,G69/G69.19) 


- 296 - 


B-63944EN/02 PROGRAMMING 14.FUNCTIONS TO SIMPLIFY PROGRAMMING 


14.1 FIGURE COPY (G72.1, G72.2) 


Machining can be repeated after moving or rotating the figure using a 
subprogram. 


Format 
- Rotational copy 


Xp-Yp plane (specified by G17) : 
G72.1 P_L_Xp_Yp_R_; 

Zp-Xp plane (specified by G18) : 
G72.1P_L_Zp Xp R_; 

Yp-Zp plane (specified by G19) : 
G72.1P_L_Yp_Zp R_; 


P  :Subprogram number 
L :Number of times the operation is repeated 
Xp :Center of rotation on the Xp axis 
(Xp : X-axis or an axis parallel to the X-axis) 
Yp :Center of rotation on the Yp axis 
(Yp: Y-axis or an axis parallel to the Y-axis) 
Zp :Center of rotation on the Zp axis 
(Zp: Z-axis or an axis parallel to the Z-axis) 
R_ :Angular displacement 
(A positive value indicates a counterclockwise angular 
displacement. Specify an incremental value.) 
Specify a plane selection command (G17, G18, or G19) to 
select the plane on which the rotational copy is made. 





- Linear copy 
Xp-Yp plane (specified by G17) : 
G72.2 P_L_l|_J_; 
Zp-Xp plane (specified by G18) : 
G72.2 P_L_K_I_; 
Yp-Zp plane (specified by G19): 
G72.2P_L_J_K_; 


P :Subprogram number 

:Number of times the operation is repeated 

:Shift along the Xp axis 

‘Shift along the Yp axis 

:Shift along the Zp axis 
Specify a plane selection command (G17, G18, or G19) to 
select the plane on which the linear copy is made. 
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Explanation 


- First block of the subprogram 


Always specify a move command in the first block of a subprogram 
that performs a rotational or linear copy. If the first block contains 
only the program number such as 01234; and does not have a move 
command, movement may stop at the start point of the figure made by 
the n-th (n = 1, 2, 3, ...) copying. 

Specify the first move command in the absolute mode. 

(Example of an incorrect program) 

01234 ; 

G00 G90 X100.0 Y200.0 ; 





M99 ; 
(Example of a correct program) 
01000 G00 G90 X100.0 Y200.0 ; 


- Combination of rotational and linear copying 


- Subprogram call 


The linear copy command can be specified in a subprogram for a 
rotational copy. Also, the rotational copy command can be specified in 
a subprogram for a linear copy. 


In a subprogram for rotational or linear copying, M98 for calling 
another subprogram or G65 for calling a macro can be specified. 


- Specifying the center of rotation 


- Specifying address 


- Address P 


- Address L 


The center of rotation specified with G72.1 is processed as an absolute 
position even in the incremental mode. 


In a block with G72.1, addresses other than P, L, Xp, Yp, Zp, or R are 
ignored. The subprogram number (P), coordinates of the center of 
rotation (Xp, Yp, Zp), and angular displacement (R) must be 
specified. 

In a block with G72.2, addresses other than P, L, I, J, or K are ignored. 
The subprogram number (P) and shift (I, J, K) must be specified. 


If the subprogram number specified with P is not found, alarm PS0078 
occurs. If P is not specified, alarm PS0076 occurs. 


If L is omitted, the repetition count is assumed to be 1 and the 
subprogram is called only once. 
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- Increment in angular displacement or shift 
In a block with G72.1, an increment in angular displacement is 
specified with address R. The angular displacement of the figure made 
by the n-th rotation is calculated as follows : R x (n- 1). 
In a block with G72.2, an increment in shift is specified with 
addresses I, J, and K. The shift of the figure made by the n-th 
movement is calculated as follows : (Programmed shift) x (n - 1). 


- Nesting level of a subprogram 
If a subprogram is called by G72.1 or G72.2, the nesting level is 
increased by one in the same manner as when M98 is specified. 


- Block end position 
The coordinates of a figure moved rotationally or linearly (block end 
position) can be read from #5001 and subsequent system variables of 
the custom macro of rotational or linear copy. 
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- Disagreement between end point and start point 


If the end point of the figure made by the n-th copy does not agree 
with the start point of the figure to be made by the next (n + 1) copy, 
the figure is moved from the end point to the start point, then copying 
is started. (Generally, this disagreement occurs if an incorrect angular 
displacement or shift is specified.) 








PO, 


End point of the first copy 





P6 P7 


<= Start point of the second copy 














Start point 








xX 





a 
70 











Main program 

01000 ; 

N10 G92 X-20.0 YO ; 

N20 GOO G90 XO YO ; 

N30 GO1 G17 G41 X20. Y0 D01F10; (PO) 

N40 Y20. ; (P1) 

N50 X30. ; (P2) 

N60 G72.2 P2000 L3 190. JO ; 

~C-although a shift of 70 mm was 

required, 190.0 was specified instead 
of 170.0. Since an incorrect shift was 
specified, the end point of the figure 
made by the n-th copy disagrees 
with the start point of the figure to be 
made by the next (n + 1) copy. 





Subprogram 
02000 G90 G01 X40. ; (P3) 
N100 Y40. ; (P4) 
N200 G01 X80. ; (P5) 
N300 G01 Y20. ; (P6) 
N400 X100. ; (P7) 
N500 M99; 
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Limitation 

- Specifying two or more commands to copy a figure 
G72.1 cannot be specified more than once in a subprogram for making 
a rotational copy (If this is attempted, alarm PS0160 will occur). 
G72.2 cannot be specified more than once in a subprogram for making 
a linear copy (If this is attempted, alarm PS0161 will occur). 


- Commands that must not be specified 
Within a program that performs a rotational or linear copy, the 
following must not be specified: 
e Command for changing the selected plane (G17 to G19) 
e Command for specifying polar coordinates 
e Reference position return command 
e Coordinate system rotation, scaling, programmable mirror image 
The command for rotational or linear copying can be specified after a 
command for coordinate system rotation, scaling, or programmable 
mirror image is executed. 


- Modes that must not be selected 
The figure cannot be copied during chamfering, corner rounding, or 
tool offset. 


- Unit system 
The two axes of the plane for copying a figure must have an identical 
unit system. 


- Single block 
Single-block stops are not performed in a block with G721.1 or G72.2. 


- Specifying cutter compensation and the workpiece coordinate system 
In a subprogram for copying a figure, the G code for cutter 
compensation B or C or compensation amount (H or D code) cannot 
be changed. G92 and G54 to G59 cannot be changed either. Those 
codes must be specified before figure copying is started. 
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Example 
- Rotational copy 


Start point 


Main program 
01000 ; 


N10 G92 X40.0 Y50.0 ; 

N20 G00 G90 X_Y_; 

N30 G01 G17 G41 X_Y_D01F10; 
N40 G72.1 P2000 L3 XO YO R120.0; 
N50 G40 G01 X_Y_I_J_; 

N60 G00 X40.0 Y50.0 ; 

N70 M30 ; 


Sub program 
02000 G03 X_ Y_ R30.0 ; 
N100 G01 X_Y_; 
N200 G03 X_ Y_ R10.0 ; 
N300 G01 X_Y_; 


N400 G03 X_ Y_ R30.0 ; 
N500 M99; 
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- Rotational copy (spot boring) 


PO 
Start point 


Main program 
03000 ; 
N10 G92 G17 X80.0 Y50.0 ; 
N20 G72.1 P4000 L6 XO YO R60.0 ; 
N30 G80 GOO X80.0 Y50.0 ; 
N40 M30 ; 
Subprogram 
04000 N100 G90 G81 X_Y_R_Z_F_; 
N200 Mg9 ; 


- Linear copy 











Main program 
01000 ; 
N10 G92 X-20.0 YO ; 
N20 GOO G90 XO YO ; 
N30 G01 G17 G41 X20. YO DO1 F10; 
N40 Y20. ; 
N50 X30. ; 
N60 G72.2 P2000 L3 170.0 JO; 
N70 X_Y_; 
N80 XO ; 
N90 GOO G40 X-20.0 YO ; 
N100 M30 ; 


Subprogram 


02000 G90 G01 X_; 
N100 Y_; 

N200 G02 X_I_; 
N300 G01 Y_; 

N400 X_; 

N500 M99 ; 





- 303 - 


14.FUNCTIONS TO SIMPLIFY PROGRAMMING _ PROGRAMMING B-63944EN/02 


- Combination of rotational copying and linear copying (bolt hole circle) 
Y 





PO Start point 





Main program 


01000 ; 

N10 G92 G17 X100.0 Y80.0 ; (PO) 
N20 G72.1 P2000 X0 YO L8 R45.0 ; 

N30 G80 GOO X100.0 Y80.0 ; (PO) 
N40 M30 ; 


Subprogram (rotational copy) 


02000 N100 G72.2 P3000 10 J_L3; 
N200 Mg9g ; 


Subprogram (linear copy) 


03000 N110 G90 G81X_Y_R_Z_F_; (P1) 
N210 M99 ; 
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14.2 |THREE-DIMENSIONAL COORDINATE CONVERSION 


Coordinate conversion about an axis can be carried out if the center of 
rotation, direction of the axis of rotation, and angular displacement are 
specified. This function is very useful in three-dimensional machining 
by a die-sinking machine or similar machine. For example, if a 
program specifying machining on the XY plane is converted by the 
three-dimensional coordinate conversion function, the identical 
machining can be executed on a desired plane in three-dimensional 
space. 

e For milling machining 


Y 


Three-dimensional coordinate 





e For lathe cutting 


Surface to be 
machined 





Machining such as milling, pocketing, and drilling is performed. 
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Format 





G68 Xpx1 Ypyi ZPzi lia Jj Kea Ra; Starting three-dimensional coordinate conversion 


Three-dimensional coordinate conversion mode 





G69 ; Canceling three-dimensional coordinate conversion 
Xp, Yp, Zp : Center of rotation (absolute coordinates) on the X, Y, and Z axis or parallel 
axes 
I, J,K : Direction of the axis of rotation 
R : Angular displacement 











G68.1 Xpx1 Ypy1 Zpzi lia Jia Kei Ra ; Starting three-dimensional coordinate conversion 


: Three-dimensional coordinate conversion mode 
G69.1 ; Canceling three-dimensional coordinate conversion 








Xp, Yp, Zp : Center of rotation (absolute coordinates) on the X, Y, and Z axis or parallel 
axes 

l,J,K : Direction of the axis of rotation 

R : Angular displacement 





NOTE 
The G code of this function is hereinafter described 


using the format (G68/G69) for the machining center 
system in this section. 





Explanation 
- Command for three-dimensional coordinate conversion (program coordinate 
system) 
N1 G68 Xp x, Ypyi Zp 2, lin Jj; Kk,Ra; 
N2 G68 Xp x2 Yp yo Zp Zz liad j2aK ko RB; 
N3 





Nn G69; 

Three-dimensional coordinate conversion can be executed twice. 

In the N1 block, specify the center, direction of the axis of rotation, 
and angular displacement of the first rotation. 
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When this block is executed, the center of the original coordinate 
system is shifted to (x1, yj, Z:), then rotated around the vector (i), ji, 
k,) by angular displacement a. The new coordinate system is called 
X'Y'Z'. In the N2 block, specify the center, direction of the axis of 
rotation, and angular displacement of the second rotation. In the N2 
block, specify coordinates and the angle with the coordinate system 
formed after the N1 block in Xp, Yp, Zp, I, J, K, and R. When the N2 
block is executed, the X'Y'Z' coordinate system is shifted to (x2, y, Z2), 
then rotated around the vector (i, Jo, k2) by angular displacement B. 
The newest coordinate system is called X"Y"Z". In the subsequent N3 
block, coordinates in the X"Y"Z" coordinate system are specified with 
Xp, Yp, and Zp. The X"Y"Z" coordinate system is called the program 
coordinate system. 

If (Xp, Yp, Zp) is not specified in the N2 block, (Xp, Yp, Zp) in the 
N1 block is assumed to be the center of the second rotation (the N1 
and N2 blocks have a common center of rotation). If the coordinate 
system is to be rotated only once, the N2 block need not be specified. 


Example) G68 Xx, Yyp ZZ, 10 JO K1 Ra; 
I1 JO KO Rf ; 


x 


: Workpiece coordinate system 

: Coordinate system formed after the first conversion 

: Coordinate system formed after the second conversion 

: Angular displacement of the first rotation 

: Angular displacement of the second rotation 

: Center of rotation 

: Coordinates in the X"Y"Z" coordinate system (program 
coordinate system) 





- 307 - 


14.FUNCTIONS TO SIMPLIFY PROGRAMMING _ PROGRAMMING B-63944EN/02 


- Format error 


- Center of rotation 


If one of the following format errors is detected, alarm PS5044 occurs: 
1. When I, J, or K is not specified in a block with G68 
(a parameter of coordinate system rotation is not specified) 
2. When I, J, and K are all set to 0 in a block with G68 
3. When R is not specified in a block with G68 


Specify absolute coordinates with Xp, Yp, and Zp in the G68 block. 


- Equation for three-dimensional coordinate conversion 


The following equation shows the general relationship between (x, y, 
z) in the program coordinate system and (X, Y, Z) in the original 
coordinate system (workpiece coordinate system). 


xX x x, 
Y =(M, Vel Vi 
Z Z Ze. 


When conversion is carried out twice, the relationship is expressed as 
follows: 


ie x x, x, 
Y =(M,\(M, ) y +(M, Vo |TV 
Z Zz Za Zi 
X,Y,Z : Coordinates in the original coordinate system 
(workpiece coordinate system) 
X, y,Z : Programmed value 
(coordinates in the program coordinate system) 
X1,¥i,Z1 : Center of rotation of the first conversion 
Xo, ¥2,Z2 +: Center of rotation of the second conversion 


(coordinates in the coordinate system formed after the 
first conversion) 

M : First conversion matrix 

M2 : Second conversion matrix 


M,; and Mp2 are conversion matrices determined by an angular 
displacement and rotation axis. Generally, the matrices are expressed 
as shown below. 


n, +(1—n, )cosO nn, (1—cos@) —n, sin nn; (1—cos@) +n, sin@ 
nn,(1—cos@) +n, sin@ n, +(1—n, )cosO n,n,(1—cos@)—n, sin@ 
n,n,(1—cos@) —n, sin@ n,n;(1—cos@) +n, sin@ n, +(1—n, )cos@ 


n; : Cosine of the angle made by the rotation axis and X-axis i/p 
ny : Cosine of the angle made by the rotation axis and Y-axis j/p 
n3 : Cosine of the angle made by the rotation axis and Z-axis k/p 
8 : Angular displacement 

Value p is obtained by the following: 


pH=Vyityp tk 
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Conversion matrices for rotation on two-dimensional planes are 
shown below: 
(1) Coordinate conversion on the XY plane 


cos? -—sind 0 

M=|sin@ cos@d 0 
0 0 1 

(2) Coordinate conversion on the YZ plane 
1 0 0 


M='/0 cos@ —sin§ 
0 sinO cos 


(3) Coordinate conversion on the ZX plane 


cosOd 0 sind 
M='|0 1 0 


—sind 0 cos0 


- Three basic axes and their parallel axes 


Three-dimensional coordinate conversion can be applied to a desired 
combination of three axes selected out of the basic three axes (X, Y, 
Z) and their parallel axes. The three-dimensional coordinate system 
subjected to three-dimensional coordinate conversion is determined by 
axis addresses specified in the G68 block. If Xp, Yp, or Zp is not 
specified, X, Y, or Z of the basic three axes is assumed. However, if 
the basic three axes are not specified in parameter 1022, alarm PS0048 
occurs. 
In a single G68 block, both a basic axis and a parallel axis cannot be 
specified. 
If this is attempted, alarm PS0047 occurs. 
(Example) 
When U-axis, V-axis, and W-axis are parallel to the X-axis, 
Y-axis, and Z-axis respectively 





Gos X IJ KR; XYZ coordinate system 
G68 U_V_Z_I_J_K_R_; UVZ coordinate system 
Gos W_I JKR ; XYW coordinate system 


- Specifying the second conversion 


- Angular displacement R 


Three-dimensional coordinate conversion can be executed twice. 
The center of rotation of the second conversion must be specified with 
the axis addresses specified for the first conversion. If the axis 
addresses of the second conversion are different from the axis 
addresses of the first conversion, the different axis addresses are 
ignored. An attempt to execute three-dimensional coordinate 
conversion three or more times causes alarm PS5043. 


A positive angular displacement R indicates a clockwise rotation 
along the axis of rotation. Specify angular displacement R in 0.001 
degrees within the range of -360000 to 360000. 


- 309 - 


14.FUNCTIONS TO SIMPLIFY PROGRAMMING _ PROGRAMMING B-63944EN/02 


- G codes that can be specified 
The following G codes can be specified in the three-dimensional 
coordinate conversion mode: 


G00 
G01 
G02 
G03 
G04 
G10 
G17 
G18 
G19 
G28 
G29 
G30 
G53 
G65 
G66 
G67 
G40 
G41 
G42 


Positioning 

Linear interpolation 

Circular interpolation (clockwise) 

Circular interpolation (counterclockwise) 

Dwell 

Data setting 

Plane selection (XY) 

Plane selection (ZX) 

Plane selection (YZ) 

Reference position return 

Movement from the reference position 

Second, third, or fourth reference position return 
Selecting the machine coordinate system 

Custom macro call 

Custom macro modal call 

Custom macro modal call calling 

Canceling cutter or tool nose radius compensation 
Cutter or tool nose radius compensation to the left 
Cutter or tool nose radius compensation to the right 


G73, G74, G76, G80 to G89 Canned cycle for drilling 


G43 
G44 
G45 
G46 
G47 
G48 
G49 
G50.1 
G51.1 
G90 
G91 
G94 
G95 
G98 
G99 


G90 
G91 


G94 
G95 
G98 


G99 


Increasing tool length compensation 
Decreasing tool length compensation 
Increasing the tool offset 

Decreasing the tool offset 

Doubling the tool offset 

Halving the tool offset 

Canceling tool length compensation 
Canceling programmable mirror image 
Programmable mirror image 

Absolute programming 

Incremental programming 

Feed per minute 

Feed per revolution 

Canned cycle (return to the initial level) 
Canned cycle (return to the level of point R) 


Absolute programming (when G code system B or C is used.) 
Incremental programming (when G code system B or C is 
used.) 

Feed per minute (when G code system B or C is used.) 

Feed per revolution(when G code system B or C is used.) 
Canned cycle (return to the initial level) (when G code system 
B or C is used.) 

Canned cycle (return to the level of point R) (when G code 
system B or C is used.) 
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- Rapid traverse rate in drilling of a canned cycle for drilling 


- Compensation functions 





In three-dimensional coordinate conversion mode, rapid traverse rate 
in drilling by a canned cycle for drilling equals the cutting feedrate 
specified in parameter No. 5412. If the parameter is set to 0, the rapid 
traverse rate equals the maximum cutting feedrate. 


If tool length compensation, cutter or tool nose radius compensation, 
or tool offset is specified with three-dimensional coordinate 
conversion, compensation is _ performed first, followed by 
three-dimensional coordinate conversion. 


If cutter or tool nose radius compensation is specified with 
three-dimensional coordinate conversion, compensation is performed 
first, followed by three-dimensional coordinate conversion. 


- Relationship between three-dimensional and two-dimensional coordinate 


conversion 


Three-dimensional and two-dimensional coordinate conversion use 
identical G codes (G68 and G69). A G code specified with I, J, and K 
is processed as the command for three-dimensional coordinate 
conversion. A G code not specified with I, J, and K is processed as the 
command for two-dimensional coordinate conversion. 


- Custom macro system variables 


- Reset 





Coordinates on the workpiece coordinate system are assigned to 
system variables #5041 to #5048 (current position on each axis). 


If a reset occurs during three-dimensional coordinate conversion mode, 
the mode is canceled and the continuous-state G code is changed to 
G69. 


The parameter D3R (No. 5400#2) determines whether just the G69.1 
code is used to cancel the three-dimensional coordinate conversion 
mode (G68.1). When this setting is selected, a CNC reset by a reset 
operation or by an input signal from the PMC will not cancel the 
three-dimensional coordinate conversion mode. 
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The absolute coordinates based on the program or workpiece 
coordinate system can be displayed in the three-dimensional 
coordinate conversion mode. Specify a desired coordinate system in 
the parameter DAK (No. 3106#6). 


- Three-dimensional rigid tapping 


Limitation 


Manual intervention 


By specifying the rigid tapping command in three-dimensional 
coordinate conversion mode, tapping can be executed in the direction 
of the angle programmed by the three-dimensional coordinate 
conversion command. 

In three-dimensional coordinate conversion mode, "Position Error Z", 
displayed on the spindle adjustment screen, is taken from the 
longitudinal tapping axis after three-dimensional conversion. 
Positioning in three-dimensional coordinate conversion mode must be 
linear interpolation positioning (the parameter LRP (No.1401#1) is set 
to 1). 

Three-dimensional rigid tapping cannot be executed for an axis under 
simple synchronous control. 


Three-dimensional coordinate conversion does not affect the degree of 
manual intervention or manual handle interrupt. 


Positioning in the machine coordinate system 


Specifying rapid traverse 


Block with G68 or G69 


Three-dimensional coordinate conversion does not affect positioning 
in the machine coordinate system (e.g. specified with G28, G30, or 
G53). 


Specify linear rapid traverse when three-dimensional coordinate 
conversion is executed. (Set the parameter LRP (No. 1401#1) to 1.) 


In a block with G68 or G69, other G codes must not be specified. 
G68 must be specified with I, J, and K. 


Position display and compensation 


To display the absolute position when three-dimensional coordinate 
conversion is executed, set parameters DRL, DRC, DAL, DAC (No. 
3104#4 to #7) to 0. 
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- Mirror image 


Programmable mirror image can be specified, but external mirror 
image (mirror image by the mirror image signal or setting) cannot be 
specified. Three-dimensional coordinate conversion is carried out after 
the programmable mirror image function is executed. 


External mirror image (mirror image by the mirror image signal or 
setting) cannot be specified. 


- Three-dimensional coordinate conversion and other continuous-state commands 


Canned cycles G41, G42, or G51.1 must be nested between G68 and 


G69. 
(Example 


e 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 
' 


) 
G68 X100. Y100. 2100. 10. JO. K1. R45. ; 


G41 D01: 
G40; 


G69 : 


Canned cycles G41 or G42 must be nested between G68.1 and G69.1. 


(Example 





[| 


URE Re nee ; 
G4ix ZK: 

G40 ; 

G69.1: 


- Relationship between three-dimensional coordinate conversion and tool offset 
When using a tool offset command, nest the tool offset command 
within the three-dimensional coordinate conversion mode. 

(Example) 


G68.1 X100. Y100. Z100. 10. JO. K1. R45. : 
T0101: 
T0100: 


G69.1 - 
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- PMC axis control 


- Manual operation 


In the three-dimensional coordinate conversion mode, PMC axis 
control cannot be performed for the three axes related to the 
conversion (alarm). 


When manual feeding is performed during a three-dimensional 
coordinate conversion, the tangent velocity in the coordinate system 
after conversion (program coordinate system) equals the lowest 
feedrate of those on the selected axes. 


- Workpiece coordinate system 


Avoid changing the workpiece coordinate system in _ the 
three-dimensional coordinate conversion mode. 


- Manual reference position return 


- Cs contour axis 


Avoid making a manual reference position return in_ the 
three-dimensional coordinate conversion mode. 


When specifying the Cs contour axis and rapid traverse at the same 
time in the three-dimensional coordinate conversion mode, make a 
reference position return on the Cs contour axis in advance. If a 
reference position return is made in the first rapid traverse after the Cs 
contour axis is selected (parameter NRF(No.3700#1) is set to 0), avoid 
specifying the reference position return command in_ the 
three-dimensional coordinate conversion mode. 


Sas 
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Example 
N1 G90 X0 YO ZO ; Carries out positioning to zero 
point H. 
N2 G68 X10. YO ZO 10 J1 KO R30.; Forms new coordinate system 
X'Y'Z'. 
N3 G68 XO Y-10. ZO I0 JO K1 R-90. ; Forms other coordinate system 
YZ 


The origin agrees with (0, -10, 
0) in coordinate system X'Y'Z. 

N4 G90 X0 YO ZO ; Carries out positioning to zero 
point H" on coordinate system 
xyz 

N5 X10. Y10. ZO; Carries out positioning to (10, 
10, 0) on coordinate system 
YZ 





- 315 - 


15. COMPENSATION FUNCTION PROGRAMMING B-63944EN/02 


COMPENSATION FUNCTION 





This chapter describes the following compensation functions: 


15.1 TOOL LENGTH COMPENSATION (G43, G44, G49) 
15.2 SCALING (G50, G51) 


15.3 PROGRAMMABLE MIRROR IMAGE (G50.1, G51.1) 
15.4 TOOL AXIS DIRECTION TOOL LENGTH COMPENSATION 
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15.7 TOOL LENGTH COMPENSATION (G43, G44, G49) 


15.1.1 Overview 


Format 


This function can be used by setting the difference between the tool 
length assumed during programming and the actual tool length of the 
tool used into the offset memory. It is possible to compensate the 
difference without changing the program. 

Specify the direction of offset with G43 or G44. Select a tool length 
compensation value from the offset memory by entering the 
corresponding address and number (H code). 














Tool assumed 
during programming 


Actual tool 


Specify this distance as 
the value of tool length 
compensation. 





Fig. 15.1 (a) Tool length compensation 


The following three methods of tool length compensation can be used, 
depending on the axis along which tool length compensation can be 
made. 
- Tool length compensation A 
Compensates for the difference in tool length along the basic Z-axis. 
- Tool length compensation B 
Compensates for the difference in tool length in the direction normal 
to a selected plane. 
- Tool length compensation C 
Compensates for the difference in tool length along a specified axis. 


a aie ae eee ee 


G43 Z_H_ 
Tool length tion A 


: Negative offset 
: XY plane selection 
:ZX plane selection 


Tool length compensation B a : : YZ plane selection 


: Address of a specified axis 
: Address for specifying the 


tool length compensation 
G43 a_H_ value 
Tool length compensation C 
G44 a_H_ , Y, Z: Offset move command 


Tool length compensation cancel |G49 ; or HO; 
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Explanation 


- Selection of tool length compensation 
Select tool length compensation A, B, or C, by setting parameters 
TLC and TLB (No.5001#0 and #1) . 


Parameter No.5001 
Type 
#1(TLB) #0(TLC) 

















0 0 Tool length compensation A 
1 0 Tool length compensation B 
0/1 1 Tool length compensation C 


- Direction of the offset 
When G43 is specified, the tool length compensation value (stored in 
offset memory) specified with the H code is added to the coordinates 
of the end position specified by a command in the program. When 
G44 is specified, the same value is subtracted from the coordinates of 
the end position. The resulting coordinates indicate the end position 
after compensation, regardless of whether the absolute or incremental 
mode is selected. 
When the specification of an axis is omitted, a movement is made by 
the tool length compensation value. 
G43 and G44 are modal G codes. They are valid until another G code 
belonging to the same group is used. 
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- Specification of the tool length compensation value 
The tool length compensation value assigned to the number (offset 
number) specified in the H code is selected from offset memory and 
added to or subtracted from the moving command in the program. 





Example 

H1 : The offset value of offset number 1 is 
selected. 

G43 Z_; Offset is applied according to the offset 
value of offset number 1. 

H2 ; Offset is applied according to the offset 
value of offset number 2. 

HO ; Offset is applied according to the offset 
value 0. 

H3 ; Offset is applied according to the offset 


value of offset number 3. 
G49 : Offset is canceled. 


H4 : The offset value of offset number 4 is 
selected. 











A tool length compensation value is to be set in the offset memory 
corresponding to an offset number. 


/A\ WARNING 
When another offset number is specified, the tool 
length compensation value just changes to a new 
value. The new tool length compensation value is 
not added to the old tool length compensation 
value. 
H1 : Tool length compensation value 20.0 
H2 : Tool length compensation value 30.0 
G90 G43 Z100.0 H1 ; Z will move to 120.0 
G90 G43 Z100.0 H2 ; Z will move to 130.0 


NOTE 
The tool length compensation value corresponding 
to offset No. 0, that is, HO always means 0. It is 
impossible to set any other tool length 
compensation value to HO. 
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- Performing tool length compensation along two or more axes 
Tool length compensation B can be executed along two or more axes 
when the axes are specified in two or more blocks. 
By setting bit 3 (TAL) of parameter No. 5001 to 1, cutter 
compensation C can also can be executed along two or more axes 
when the axes are specified in two or more blocks. If no axis is 
specified in the same block, the alarm (PS0027) is issued. If two or 
more axes are specified in the same block, the alarm (PS0336) is 
issued. 
Example 1 
When tool length compensation B is executed 
along the X-axis and Y-axis 
G19 G43 H_; Offsetin X axis 
G18 G43 H_; Offsetin Y axis 

Example 2 
When tool length compensation C is executed 
along the X-axis and Y-axis 





G43 X_H_;  Offsetin X axis 
G43 Y_H_; Offset in Y axis 
Example 3 


When an alarm is issued with tool length 
compensation C 
G43 X_Y_H_; Analarm (PS0336) occurs 











- Tool length compensation cancel 
To cancel tool length compensation, specify G49 or HO. After G49 or 
HO is specified, the system immediately cancels the offset mode. 
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NOTE 


1 


If offset is executed along two or more axes, offset 
along all axes is canceled by specifying G49. If HO 
is used to specify cancellation, offset along only the 
axis normal to a selected plane is canceled in the 
case of tool length compensation B, or offset along 
only the last axis specified by G43 or G44 is 
canceled in the case of tool length compensation C. 
If offset is executed along three or more axes, and 
offset along all axes is canceled using G49, the 
alarm (PS0015) (indicating that the number of 
simultaneously controlled axes is exceeded) may be 
issued. By using HO together, for example, cancel 
offset so that the number of simultaneously 
controlled axes (the number of axes along which 
movements are made) does not exceed the 
allowable range of the system. 

If tool length compensation and three-dimensional 
coordinate conversion are canceled by a reset with 
three-dimensional coordinate conversion performed 
during tool length compensation, the direction of tool 
length compensation vector cancellation becomes 
incorrect. By setting bit 6 (LVK) of parameter No. 
5003 to 1 and setting bit 2 (D3R) of parameter No. 
5400 to 1, ensure that the tool length compensation 
vector and three-dimensional coordinate conversion 
are not canceled by a reset. 


Example) 
G43 H1 ; 
G68 X_Y_Z_|I_J_K_R_; 





Ensure that tool length compensation and three-dimensional 
coordinate conversion are not canceled by a reset in this range. 


G69 ; 
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Example 


Tool length compensation (in boring holes #1, #2, and #3) 











Actual position 


Programmed 35 
position 


Offset value 
=4mm 


Program 
H1=-4.0 (Tool length compensation value) 


OANINDNKRWNeR 


k 








14 M2; 


b 


ZZ2AZLZALALZZZZLZ2L2A22A2Z2 
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15.1.2 G53, G28, G30, and G30.1 Commands in Tool Length 
Compensation Mode 


This section describes the tool length compensation cancellation and 
restoration performed when G53, G28, G30, or G31 is specified in 
tool length compensation mode. Also described is the timing of tool 
length compensation. 


Explanation 

- Tool length compensation vector cancellation 
When G53, G28, G30, or G30.1 is specified in tool length 
compensation mode, tool length compensation vectors are canceled as 
described below. However, the previously specified modal G code 
remains displayed; modal code display is not switched to G49. 


(1) When GS3 is specified 


Specified axis 


Tool length compensation | Canceled upon movement 
G53 IP_ axis being performed 


Other than tool length 
: ; Not canceled 
compensation axis 
Tool length compensation | Canceled upon movement 
G49 G53 IP axis being performed 
~ | Other than tool length 
P : Not canceled 
compensation axis 


(IP_ : Dimension code) 





/\ CAUTION 
If tool length compensation is applied along 
multiple axes, the offset vector along the axis 
specified by G53 is canceled. 





(2) When G28, G30, or G30.1 is specified 


Specified axis 


Tool length compensation | Not canceled at an 

axis intermediate point. 
Canceled at the reference 
position. 

Other than tool length Not canceled at an 


compensation axis intermediate point. 
Canceled at the reference 


position. 
Tool length compensation | Canceled when a movement is 
G49 G28 IP axis made to an intermediate poibt 
~ | Other than tool length Canceled when a movement is 
compensation axis made to an intermediate point. 


(IP_ : Dimension code) 
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/\ CAUTION 
If tool length compensation is applied along 


multiple axes, the offset vector along the axis on 
which a reference position return operation has 
been performed is canceled. 





- Tool length compensation vector restoration 
Tool length compensation vectors, canceled by specifying G53, G28, 
G30, or G30.1 in tool length compensation mode, are restored as 
described below. 


Parameter EVO 
(No.5001#6) Restoration condition 


The H command or G43 (G44) is 
specified. 
Restored by the next buffered block. 


The H command or G43 (G44)IP_ is 
specified. 


(IP_ : Dimension code) 








/\ CAUTION 
If a tool length compensation vector is restored 
only with H_, G43, or G44 when tool length 
compensation is applied along multiple axes, the 
tool length compensation vector along only the 
axis normal to a selected plane is restored in the 


case of tool length compensation B, or the tool 
length compensation vector along only the last 
axis for which tool length compensation is 
specified is restored in the case of tool length 
compensation C. The tool length compensation 
vector along any other axes is not restored. 
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15.2 SCALING (G50, G51) 





Overview 
A programmed figure can be magnified or reduced (scaling). 
Two types of scaling are available, one in which the same 
magnification rate is applied to each axis and the other in which 
different magnification rates are applied to different axes. 
The magnification rate can be specified in the program. 
Unless specified in the program, the magnification rate specified in the 
parameter is applied. 





Y 





Po : Scaling center 
P, to P, : Programmed figure 
P,’ to P,’ : Scaled figure 











Fig. 15.2 (a) Scaling 


Format 
Scaling up or down along all axes 
at the same rate of magnification 
(When parameter XSC (No. 5400#6) = 0) 


| Format Meaning of command 


G51 IP_P_; Scaling start Zz : Absolute command for 
Scaling is effective. center coordinate value 


(Scaling mode) of scaling 
: Scaling magnification 


G50 ; Scaling cancel 





Scaling up or down along each axes at 
a different rate of magnification (mirror image) 
(When parameter XSC (No. 5400#6) = 1) 


| Format Meaning of command 
G51 IP_I_J_K_; Scaling start ee : Absolute command for 


Scaling is effective. center coordinate value 
' 
| 


(Scaling mode) of scaling 
: Scaling magnification for 


basic 3 axes (X, Y, and 
Z axes) respectively 


G50 ; Scaling cancel 
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[7 | 





NOTE 
This function is available when the G-code system 
B or C is set. 


/\ CAUTION 

1 Specify G51 in a separate block. 

2 After the figure is enlarged or reduced, specify G50 
to cancel the scaling mode. 


NOTE 

1 Entering electronic calculator decimal point input 
mode (parameter DPI (No. 3401#0) = 1) does not 
cause the units of the magnification rates P, I, J, 
and K to change. 
Setting the least input increment equal to 10 times 
the least command increment (parameter IPR (No. 
1004#7) = 1) does not cause the units of the 
magnification rates P, I, J, and K to change. 
An attempt to specify 0 as a magnification rate 
causes alarm (PS0142) to occur in a G51 block. 





Explanation 

- Axis for which scaling is to be enabled 
For the axis for which scaling is to be enabled, set parameter SCL (No. 
5401#0) to 1. 


- Minimum unit of scaling magnification 
Least input increment of scaling magnification is: 0.001 or 0.00001. 
It is 0.00001 (one hundred thousandth) if parameter SCR (No. 
5400#7) is 0 and 0.001 if it is 1. 


- Scaling center 
Even in incremental command (G91) mode, the scaling center 
coordinates IP_ specified in the G51 block are assumed those of an 
absolute position. 
If the scaling center coordinates are omitted, the position assumed 
when G51 is specified is assumed the scaling center. 
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/\ CAUTION 
With the move command subsequent to the G51 
block, execute an absolute (G90 mode) position 
command. 
If no absolute position command is executed after 


the G51 block, the position assumed when G51 is 
specified is assumed the scaling center; once an 
absolute position command is executed, the scaling 
center assumes the coordinates specified in the 
G51 block, after that block. 





- Scaling along each axis at the same rate of magnification 
Set parameter XSC (No. 5400#6) to 0. 
If the scaling magnification P is not specified, the magnification set in 
parameter (No. 5411) is used. 
Decimal point input is not accepted as the magnification P. If decimal 
point input is made, alarm (PS0007) will occur. 
A negative value cannot be specified as the magnification P. If a 
negative value is specified, alarm (PS0006) will occur. 
The allowable magnification range is from 0.00001 to 9999.99999. 


- Scaling of each axis, programmable mirror image (negative magnification) 
Each axis can be scaled by different magnifications. Also when a 
negative magnification is specified, a mirror image is applied. The 
axis subject to the mirror image is the one that contains the scaling 
center. 
Set a parameter XSC (No. 5400#6) to 1 to validate each axis scaling 
(mirror image). 
Using I, J, and K, specify the scaling magnifications for the basic 3 
axes (X to Z axes). Use parameter No. 1022 to specify which axes to 
use as the basic 3 axes. For those of the X to Z axes for which I, J, 
and K are not specified and for axes other than the basic 3 axes, the 
magnification set with parameter (No. 5421) is used. 
A value other than 0 must be set to parameter (No. 5421). 
Decimal point programming can not be used to specify the rate of 
magnification (I, J, K). 
Magnification can be set within the range +0.00001 +9999.99999. 
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a/b : Scaling magnification of X axis 
c/d_ _: Scaling magnification of Y axis 
o : Scaling center 


Y axis 


Programmed figure 


Scaled figure 





X axis 




















Fig. 15.2 (b) Scaling of each axis 


/\ CAUTION 

Specifying the following commands at the same 

time causes them to be executed in the order 

indicated below: 

<1> Programmable mirror image (G51.1) 

<2> Scaling (G51) (including a mirror image with a 
negative magnification) 

<3> Mirror image due to the external switch of the 
CNC or the settings of the CNC 

In this case, the programmable mirror image is 

effective to the scaling center and magnification as 

well. 

To specify G51.1 and G51 at the same time, specify 

them in this order; to cancel them, specify them in 

the reverse order. 
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- Scaling of circular interpolation 
Even if different magnifications are applied to each axis in circular 


interpolation, the tool will not trace an ellipse. 
G90 G00 X0.0 Y100.0 Z0.0; 
G51 X0.0 Y0.0 Z0.0 12000 J1000; 
(A magnification of 2 is applied to the X-component and a 
magnification of 1 is applied to the Y-component.) 
G02 X100.0 Y0.0 10 J—100.0 F500; 
Above commands are equivalent to the following command: 
G90 G00 X0.0 Y100.0 Z0.0; 
G02 X200.0 Y0.0 10 J—100.0 F500; 
(Because the end point is not on an arc, spiral interpolation is 





assumed.) 
Y 
Scaled shape 
X 
(0,0) (100.0) (200.0) 








Fig. 15.2 (c) Scaling for circular interpolation’ 


Even for an R-specified arc, scaling is applied to each of I, J, and K 

after the radius value (R) is converted into a vector in the center 

direction of each axis. 

If, therefore, the above G02 block contains the following R-specified 

arc, the operation will be same as that in which | and J are specified. 
G02 X100.0 Y0.0 R100.0 F500 ; 
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- Scaling and coordinate system rotation 
If both scaling and coordinate system rotation are specified at the 
same time, scaling is performed first, followed by coordinate system 
rotation. In this case, scaling is effective to the rotation center as 
well. 
To specify both of them, specify scaling first and then coordinate 
system rotation. To cancel them, specify them in the reverse order. 


Example 
Main program 
Ol 
G90 G00 X20.0 Y10.0 ; 
M98 P1000 ; 
G51 X20.0 Y10.0 13000 J2000 ; (x 3 in the X direction and x 2 
in the Y direction) 
M98 P1000 ; 
G17 G68 X35.0 Y20.0 R30. ; 
M98 P1000 ; 
G69 ; 
G50 ; 
M30; 
Subprogram 
01000 ; 
G01 X20.0 Y10.0 F500 ; 
G01 X50.0 ; 
G01 Y30.0 ; 
G01 X20.0 ; 
G01 Y10.0; 
M99 ; 





Rotation center 
of coordinate 
system before 
scaling 


Rotation center of 
coordinate system 
after scaling 


\ os a 
.| Original program 7° 


. a ? 
\ 7 a Shape after 
‘-° coordinate system 
Scaling center rotation Scaled shape 


Fig. 15.2 (d) Scaling and coordinate system rotation 
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- Scaling and optional chamfering/corner R 





Chamfering 


Scaling 


x 2 in the X direction 
x 1 in the Y direction 





Corner R 


Scaling 


x 2 in the X direction 
x 1 in the Y direction 





If different magnifications are applied to the individual axes, corner R results in 
a spiral, not an arc, because scaling is applied to the end point and radius of 
the arc. 





Fig. 15.2 (e) Scaling and optional chamfering/corner R 


Limitation 

- Tool compensation 
This scaling is not applicable to cutter or tool nose radius 
compensation values, tool length compensation values, and tool offset 
values (Fig. 15.2 (f) ). 


Scaled figure 


Cutter compensation values are not scaled. 





Fig. 15.2 (f) Scaling during cutter compensation 
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- Invalid scaling 


Scaling is not applied to the travel distance during canned cycle 

shown below. 

e Cut-in value Q and retraction value d of peck drilling cycle (G83, 
G73). 

e Fine boring cycle (G76) 

e Shift value Q of X and Y axes in back boring cycle (G87). 

In manual operation, the travel distance cannot be increased or 

decreased using the scaling function. 


This function is available to G code systems B and C only; it is not 
available to G code system A. 

During scaling, the following functions cannot be used. If any of 
them is specified, alarm PS0300 will occur. 


Finishing cycle (G70, G72) 

Outer surface rough cutting cycle (G71, G73) 

End rough cutting cycle (G72, G74) 

Closed loop cutting cycle (G73, G75) 

End cutting off cycle (G74, G76) 

Outer/inner surface cutting off cycle (G75, G77) 

Multiple threading cycle (G76, G78) 

Traverse grinding cycle (for grinding machines) (G71, G72) 
Traverse direct constant-size grinding cycle (for grinding 
machines) (G72, G73) 

Oscillation grinding cycle (for grinding machines) (G73, G74) 
Oscillation direct constant-size grinding cycle (G74, G75) 
Face drilling cycle (G83, G83) 

Face tapping cycle (G84, G84) 

Face boring cycle (G85, G85) 

Side drilling cycle (G87, G87) 

Side tapping cycle (G88, G88) 

Side boring cycle (G89, G89) 

Outer/inner surface turning cycle (G77, G20) 

Threading cycle (G78, G21) 

End turning cycle (G79, G24) 

(The G code in system B is given first, followed by that of system C.) 


Scaling is not applied to the travel distance during manual operation. 
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/\ CAUTION 

1 Ifa parameter setting value is employed as a 
scaling magnification without specifying P, the 
setting value at G51 command time is employed as 
the scaling magnification, and a change of this 
value, if any, is not effective. 
Before specifying the G code for reference position 
return (G27, G28, G29, G30) or coordinate system 
setting (G52 to G59, G92), cancel the scaling 
mode. 
If scaling results are rounded by counting fractions 
of 5 and over as a unit and disregarding the rest, 
the move amount may become zero. In this case, 
the block is regarded as a no movement block, and 
therefore, it may affect the tool movement by cutter 
compensation. See the description of cutter 
compensation. 


Refrain from scaling on a rotation axis for which the 
rollover function is enabled. Otherwise, the tool 
may rotate in a short-cut manner, possibly resulting 
in unexpected movement. 


NOTE 
1 The position display represents the coordinate 
value after scaling. 
2 When amirror image was applied to one axis of the 
specified plane, the following results: 
(1) Circular command 
Direction of rotation is reversed. 
(2) Cutter or tool nose radius compensation 
Offset direction is reversed. 
(3) Coordinate system rotation 
Rotation angle is reversed. 
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Example 
Sample program of a scaling in each axis 


Ol; 

G51 X20.0 Y10.0 1750 J250; (x 0.75 in the X direction, x 0.25 in 
the Y direction) 

G00 G90 X60.0 Y50.0; 

G01 X120.0 F100; 

G01 Y90; 

G01 X60; 

G01 Y50; 

G50; 

M30; 


Programmed figure 


(60,50) : Scaled figure 
20 : 














Fig. 15.2 (g) Program example of scaling in each axis 
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15.3 PROGRAMMABLE MIRROR IMAGE (G50.1, G51.1) 


A mirror image of a programmed command can be produced with 
respect to a programmed axis of symmetry (Fig. 15.3 (a)). 


Axis of symmetry (X=50) 
(2) 


Axis of symmetry 
(Y=50) 


1 
4 
1 
i} 
1 
1 
1 
1 
i} 
1 
i} 
1 
1 
T 


40 50 60 


(1) Original image of a programmed command 

(2) Image symmetrical about a line parallel to the Y-axis and crossing the 
X-axis at 50 

(3) Image symmetrical about point (50, 50) 

(4) Image symmetrical about a line parallel to the X-axis and crossing the 
Y-axis at 50 





Fig. 15.3 (a) Programmable mirror image 


Format 





G51.1 IP_; Setting a programmable image 
: A mirror image of a command specified in 
these blocks is produced with respect to 
the axis of symmetry specified by G51.1 
: IP_5. 
G50.1 IP_; Canceling a programmable mirror image 
IP_: Point (position) and axis of symmetry for producing a 
mirror image when specified with G51.1. 
Axis of symmetry for producing a mirror image when 
specified with G50.1. Point of symmetry is not 
specified. 
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Explanation 
- Mirror image by setting 


If the programmable mirror image function is specified when the 
command for producing a mirror image is also selected by a CNC 
external switch or CNC setting (see III-4.5), the programmable mirror 
image function is executed first. 


- Mirror image on a single axis in a specified plane 


Limitation 


Applying a mirror image to one of the axes on a specified plane 
changes the following commands as follows : 


Explanation 
G02 and G03 are interchanged. 


Cutter or tool nose radius compensation | G41 and G42 are interchanged. 
CW and CCW (directions of 
rotation) are interchanged. 


Coordinate system rotation 





- Scaling and coordinate system rotation 


Processing proceeds from program mirror image to scaling and 
coordinate system rotation in the stated order. The commands should 
be specified in this order, and, for cancellation, in the reverse order. 
Do not specify G50.1 or G51.1 during scaling or coordinate system 
rotation mode. 


- Commands related to reference position return and coordinate system 


In programmable mirror image mode, G codes related to reference 
position return (G27, G28, G29, G30, etc.) and those for changing the 
coordinate system (G52 to G59, G92, etc.) must not be specified. If 
any of these G codes is necessary, specify it only after canceling the 
programmable mirror image mode. 
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15.4 


TOOL AXIS DIRECTION TOOL LENGTH COMPENSATION 





Overview 


Format 


When a five-axis machine that has two axes for rotating the tool is 
used, tool length compensation can be performed in a specified tool 
axis direction on a rotation axis. When a rotation axis is specified in 
tool axis direction tool length compensation mode, tool length 
compensation is applied in a specified tool axis direction on the 
rotation axis by the compensation value specified in the H code. That 
is, movement is made along the three linear axes (Xp, Yp, Zp).Unless 
otherwise noted in the explanation of this function, the two rotation 
axes are assumed to be the B-axis and C-axis. 










: Tool axis direction 


Workpiece 














Fig. 15.4(a) Tool Axis Direction Tool Length Compensation 


- Tool axis direction tool length compensation command 


G43.1 Hn ; 
n: Compensation number 


- Tool axis direction tool length compensation cancel command 


Explanation 





- Command for tool axis direction tool length compensation 


The tool compensation vector changes as the offset value changes or 
movement is made on a rotation axis. When the tool compensation 
vector changes, movement is made according to the change value 
along the X-axis, Y-axis, and Z-axis. 

When the command specifies movement on a rotation axis only, the 
position of the tool tip is the same both before and after execution of 


- 337 - 


15. COMPENSATION FUNCTION PROGRAMMING B-63944EN/02 


the command. (During rotation axis movement, however, the tool tip 
moves.) 


- Examples of machine configuration and rotation axis calculation formats 
Let Vx, Vy, Vz, Lc, a, b, and c be as follows : 
Vx,Vy,Vz : Tool compensation vectors along the X-axis, Y-axis, and 


Z-axis 
Le : Offset value 
a,b,c : Absolute coordinates on the A-axis, B-axis and Caxis 


Then, the tool compensation vector on each axis in each machine 
configuration is indicated below. 


(1) A-axis and C-axis, with the tool axis on the Z-axis 











Workpiece C 




















Vx = Lc * sin(a) * sin(c) 
Vy =-Lc * sin(a) * cos(c) 
Vz = Le * cos(a) 
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(2) B-axis and C-axis, with the tool axis on the Z-axis 








Workpiece C 




















Vx = Lc * sin(b) * cos(c) 
Vy = Le * sin(b) * sin(c) 
Vz = Le * cos(b) 


(3) A-axis and B-axis, with the tool axis on the X-axis 





A 














Vx = Le * cos(b) 
Vy = Lec * sin(b) * sin(a) 
Vz = -Lc * sin(b) * cos(a) 
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(4) A-axis and B-axis, with the tool axis on the Z-axis, and the B-axis 
used as the master 





Workpiece 














Vx = Le * cos(a) * sin(b) 
Vy = -Lc * sin(a) 
Vz = Le * cos(a) * cos(b) 


(5) A-axis and B-axis, with the tool axis on the Z-axis, and the A-axis 
used as the master 





Workpiece 











Vx = Lc * sin(b) 
Vy =-Lc * sin(a) * cos(b) 
Vz = Le * cos(a) * cos(b) 
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- Tool holder offset 
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The machine-specific length from the rotation center of the tool 
rotation axes (A- and B-axes, A- and C-axes, and B- and C-axes) to 
the tool mounting position is referred to as the tool holder offset. 
Unlike a tool length offset value, a tool holder offset value is set in 
parameter No.19666. When tool axis direction tool length 
compensation is applied, the sum of the tool holder offset and tool 
length offset is handled as a tool length for compensation calculation. 












Rotation center 


Tool holder offset 


Tool length offset 








Fig. 15.4(b) Tool Holder Offset 


- Parameter-based rotation angle specification 


A tool compensation vector is found from the coordinates on the 
rotation axes for controlling the tool axis direction. However, the 
configuration of some machines is such that the tool axis is inclined 
using a fixed attachment. In such a case, the rotation angles of the 
rotation axes can be set using parameters. 

Set bit | (RAP) of parameter No. 19650 to 1, and set the coordinates 
in parameter No. 19658. 


- Rotation axis origin compensation 


This function compensates for a slight shift of the rotation axis origin 
caused, for example, by thermal displacement. Specify a 
compensation value in parameter No. 19660. 
When the tool axis is on the Z-axis, and the rotation axes are the 
B-axis and C-axis, a compensation vector is calculated as follows : 
Xp = Le * sin(B-Bz) * cos(C-Cz) 
Yp = Le * sin(B-Bz) * sin(C-Cz) 
Zp = Le * cos(B-Bz) 

Xp, Yp,Zp : Compensation pulse on each axis after origin shift 


compensation 
Le : Offset value 
B,C : Machine position on B-axis and C-axis 
Bz,Cz : Origin compensation value on B-axis and C-axis 
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- Rotation axis offset 
Set offsets relative to the rotation angles of the rotation axes in 
parameter No. 19659. The compensation vector calculation formula is 
the same as that used for rotation axis origin compensation, except 
that Bp and Cp are changed to rotation axis offsets. 


When rotation axis origin compensation and rotation offsetting are set 
at the same time, both compensations are performed. 
When the tool axis is on the Z-axis, and the rotation axes are the 
B-axis 
and C-axis, compensation vector calculation is performed as follows : 
Xp = Lc * sin(B-(Bz+Bo)) * cos(C-(Cz+Co)) 
Yp = Lc * sin(B-(Bz+Bo)) * sin(C-(Cz+Co)) 
Zp = Le * cos(B-(Bz+Bo)) 
Bz,Cz : B-axis and C-axis origin compensation values 
Bo,Co : B-axis and C-axis rotation axis offset values 





Limitation 

- Automatic reference position return command (G28, G29, G30) 
Never specify an automatic reference position return command (G28, 
G29, or G30) in tool axis direction tool length compensation mode. 
If an automatic reference position return command is specified in tool 
axis direction tool length compensation mode, the compensation 
vector is cancelled at the time of reference position return. So, correct 
tool axis direction tool length compensation is not performed in 
subsequent movement along linear axes. 


- Machine coordinate system positioning (G53) 
When machine coordinate system positioning (G53) is performed, the 
compensation vector is temporarily cancelled in the block, but is 
applied when movement is next performed. 





Specified 
point 


Specified 
Workpiece coordinate point 
system origin 


Machine coordinate system origin 
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15.4.1 Control Point Compensation of Tool Length Compensation 
Along Tool Axis 


Normally, the control point of tool length compensation along the tool 
axis is the point of intersection of the centers of two rotation axes. The 
machine coordinates also indicate this control point. 

This section explains the compensation performed when the centers of 
the two rotation axes do not intersect and also explains how to place 
the control point at a convenient position on the machine. 


Explanation 


- Compensation of the rotation centers of two rotation axes 
Compensation when the rotation centers of two rotation axes do not 
match is performed. 
The length from the tool mounting position to the first rotation axis 
center is set as the tool holder offset value in parameter No. 19666. 
The vector from the first rotation axis center to the second rotation 
axis center is set as the rotation center compensation vector in 
parameter No. 19661. Since parameter No. 19661 is an axis type 
parameter, the compensation amount for three axes (X, Y, and Z) can 
be set in this parameter. 













7B axis center 





Rotation center 
compensation vector 


7 
oe 
* 











oa 
* 
* 
ad 
* 





“3 Tool holder 














A fiset 
: = 
Gener ® >} Tool length B X 
compensation amount Y 


















Fig. 15.4(c) Compensation of Rotation Centers of Two Rotation Axes 
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According to the machine type, set the values listed in the following 
table: 


Table 15.4(a) Setting the Tool Holder Offset and Rotation Center Compensation Vector 


Parameter No. 19666 Parameter No. 19661 

(1) A- and C- axes. Tool axis is Z-axis. | Length from tool mounting Vector from A-axis center to C-axis 
position to A-axis center center 

(2) B- and C- axes. Tool axis is Z-axis. | Length from tool mounting Vector from B-axis center to C-axis 
position to B-axis center center 

(3) A- and B- axes. Tool axis is X-axis. | Length from tool mounting Vector from B-axis center to A-axis 
position to B-axis center center 

(4) A- and B- axes. Tool axis is Z-axis. Length from tool mounting Vector from A-axis center to B-axis 
B-axis is master. position to A-axis center center 


(5) A- and B-axes. Tool axis is Z-axis. Length from tool mounting Vector from B-axis center to A-axis 
A-axis is master position to B-axis center center 


NOTE 
When using the spindle center compensation 
described blow, set the length from the tool 
mounting position to the spindle center as the tool 
holder offset. 














- Spindle center compensation 
Compensation of the spindle center is performed. 
The amount of spindle center compensation is set in parameter No. 
19662. Since parameter No. 19662 is an axis type parameter, the 
compensation amount for three axes (X, Y, and Z) can be set in this 


parameter. 
sl Second rotation axis 
center (control point 


| Rotation center compensation 
vector parameter (No.19661) 


>t First rotation axis center 


J.| Spindle center compensation 
vector parameter (No.19662) 
“al Spindle center 





























“Tool holder offset 
[parameter _(No.19666) 








“Tool mounting position _| 


> Tool length 
compensation amount 
f (programmed point) 
} : prog p 


Workpiece coordinate origin 


Machine coordinate origin 









































Fig. 15.4(d) Spindle Center Compensation 
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- Shifting the control point 
Conventionally, the center of a rotation axis was used as the control 
point. The control point can now be shifted as shown in the figure 
below. 
Then, when the rotation axis is at the 0-degree position also in tool 
length compensation along the tool axis (G43.1), the control point can 
be set to the same position as that for ordinary tool length 
compensation (G43). 
The control point here is indicated with machine coordinates. 
When linear interpolation is specified, for example, this control point 
moves linearly. 


Ordinary tool length Tool lenght compensation along Tool length compensation along 
compensation (G43) tool axis (G43.1): tool axis (G43.1) : 


Whin tool is not tilted When tool is tilted 


i (@ eee Control See 
point before as 
| shift 

/ 


point 
Tool length 
compensation" 
vector 
i= 


Workpiece coordinate origin 
GS 


Machine coordinate origin 


Fig. 15.4(e) Shift of the Control Point 
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The method of shifting the control point can be selected using the 
following parameters: 


Table 15.4(b) Methods of Shifting the Control Point 


SVC (bit 5 of SPR (bit 4 of 
parameter No. 19665) | parameter No. 19665) Shift of controlled point 


0 Shift is not performed an not done conventionally 

1 The controlled point is shifted according to the result of the 
following automatic calculation: 
- (intersection offset vector between the tool axis and the first 
rotation axis of the tool + intersection offset vector between the 
second and first rotation axes of the tool offset + tool holder 
offset (parameter No. 19666)) 





The controlled point is shifted. 
As the shift vector, the vector set in parameter No. 19667 is 
used. 





- Equation for each machine type 
Vx, Vy, Vz_:Tool length compensation vector 


A, B, C :Absolute coordinates of A-, B-, and C-axes 
To :Tool offset value 

Ho :Tool holder offset value 

Jx, Jy, Jz :Rotation center compensation vector 


Cx, Cy, Cz :Spindle center compensation vector 

Sx, Sy, Sz: Shift vector 
Suppose the above. Then, the tool length compensation vector for 
each axis is calculated depending on the machine type, as follows: 


(1) A- and C-axes. The tool axis is the Zaxis. 

























































































Vx] [cosC -sinc O|[1 0 0 Cx Jx Sx 

Vy|=|}sinC  cosC 0} |0 cosA -sinA Cy +| Jy || +} Sy 

|Vz} | 0 0 1\\{0 sind cosd | To+Ho+Cz}] | Jz}) |Sz| 
(2) B- and C-axes. The tool axis is the Z-axis. 

[Vx] [cosC -sinC O][ cosB 0 sinB] Cx | [ae]) [sx] 

Vy|=|sinC  cosC 0 0 1 0 Cy +| Jy | |+} Sy 

[Vz| | 0 0 I\\|-sinB 0 cosB | To+Ho+Cz} |Jz}) | Sz| 
(3) A- and B-axes The tool axis is the X-axis. 

[yx] [1 0 0 ][ cosB 0 sinB|To+Ho+Cx]| [Ux]) [Sx] 

Vy |=|0 cosA —-sinA 0 1 0 Cy +| Jy | |+} Sy 

|¥z| [0 sind cosd |\|-sinB 0 cosB] Cz | L4z]) |Sz] 
(4) A- and B-axes. The toolaxis is the Z-axis, and the B-axis is the 

master. 

[Vx] [ cosB 0 sinB|({1 0 0 | ce ) [a Sx | 

Vy |= 0 1 0 0 cosd -—sindA Cy +| Jy | |+} Sy 





|¥z| |-sinB 0 cosB|\|0 sind cosd | 7o+Ho+Cz| | Jz Sz | 
(5) A- and B-axes. The tool axis is the Z-axis and the A-axis is the 


master. 
[yx] [1 0 0 cosB 0 sinB] Cx ] [& Sx | 
Vy |=|0 cosA —-sinA 0 1 0 Cy +| Jy | |+} Sy 

















| Vz 0 sind _ cosd -snB 0 cosB || To+ Ho+Cz| | Jz Sz | 
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The shift vector (Sx, Sy, Sz) is calculated as follows: 

(A) When bit 5 (SVC) of parameter No. 19665 = 0, the vector is set to 

0. 

(B) When bit 5 (SVC) of parameter No. 19665 = 1, and bit 4 (SBP) of 
parameter No. 19665 = 0: 
When the machine type is other than (3) 

[Sx] [| Cx+Jx 

Syj=-| Cy+Jy 

|Sz} | Cz+Jz+Ho 

When the machine type is (3) 

[Sx] | Cx+Jx | 





Syj=-| Cyt+Jy 
[Sz] | Get+dz 
(C) When bit 5 (SVC) of parameter No. 19665 = 1, and bit 4 (SBP) of 


parameter No. 19665 = 1, the vector specified in parameter No. 
19667 is set. 
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CUSTOM MACRO 





Although subprograms are useful for repeating the same operation, the 
custom macro function also allows use of variables, arithmetic and 
logic operations, and conditional branches for easy development of 
general programs such as pocketing and user-defined canned cycles. 

A machining program can call a custom macro with a simple 
command, just like a subprogram. 


Machining program Custom macro 


00001 ; 09010 ; 

: #1=#18/2 ; 
G01 G42 X#1 Y#1 F300 ; 
02 X#1 Y-#1 R#1 ; 


G65 P9010 R50.0 L2 ; 
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16.7 VARIABLES 


Explanation 
- Variable representation 


- Types of variables 


- Range of variable values 


PROGRAMMING 16.CUSTOM MACRO 


An ordinary machining program specifies a G code and the travel 
distance directly with a numeric value; examples are G100 and 
X100.0. 

With a custom macro, numeric values can be specified directly or 
using a variable number. When a variable number is used, the 
variable value can be changed by a program or using operations on the 
MDI panel. 





#1=#2+100 ; 
G01 X#1 F300 ; 











When specifying a variable, specify a number sign (#) followed by a 
variable number. 
#i (= 1,2, 3,4, 04) 
[Example] #5 
#109 
#1005 
A variable can also be represented as follows using <expression> 
described in the section about arithmetic and logic operation 
commands. 
#[<expression>] 
[Example] #[#100] 
#[#1001-1] 
#{#6/2] 
Variable #1 shown in the following can be replaced with a variable of 
#[<expression>]. 


Variables can be classified as local variables, common variables, and 
system variables according to the variable number. Each of those 
variables has its own usage and characteristics. Read-only system 
constants are also provided. 


Local and common variables can have a value in the following ranges. 
If the result of calculation turns out to be invalid, an alarm PSO111 is 
issued. 
When parameter F16 (No.6008#0) = 0 
Maximum value: approx. +10°”* 
Minimum value: approx. +10°°8 
Numeric data handled by a custom macro conforms to the IEEE 
standard and is handled as a double-precision real number. An 
error resulting from operation depends on the precision. 
When parameter F16 (No.6008#0) = 1 
Maximum value: approx. +10°” 
Minimum value: approx. +10°° 
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- Local variable (#1-#33) 


PROGRAMMING B-63944EN/02 


A local variable is a variable that is used in a macro locally. That is, 
local variable #1 used by a macro called at a certain time is different 
from that used by a macro called at another time, regardless of 
whether the two macros are the same. Therefore, for example, when 
macro A calls macro B during multiple calls or the like, it is 
impossible for macro B to corrupt a local variable used by macro A by 
erroneously using the variable. 

A local variable is used to pass arguments. For information on 
correspondence between arguments and addresses, see the section 
about macro calling commands. The initial state of a local variable 
to which no arguments are passed is <null> and the user can freely use 
the variable. The attribute of a local variable is READ/WRITE 
enabled. 


- Common variable (#100-#199, #500-#999) 


A common variable is shared among the main program, subprograms 
called by the main program, and macros while a local variable is used 
locally ina macro. That is, #i used by a macro is the same as that used 
by another macro. Therefore, a resultant common variable obtained by 
using a macro can be used by another macro. The attribute of a 
common variable is basically READ/WRITE enabled. However, the 
common variable can be protected (its attribute is set to READ only) by 
specifying its variable number using parameters No.6031 and No.6032. 
A common variable can be freely used by the user even when its usage 
is not defined by the system. The number of common variables can be 
specified by selecting one of the following options. 
(a) 100 common variables (specified only with the custom macro 
option) 
The common variables #100 to #149 and #500 to #549 can be 
used. The variables #100 to #149 are cleared during 
power-down, but the variables #500 to #549 are retained during 
power-down. 
(b) 600 common variables (specified with the custom macro 
option or custom macro common variable addition option) 
The common variables #100 to #199 and #500 to #999 can be 
used. The variables #100 to #199 are cleared during 
power-down, but the variables #500 to #999 are retained during 
power-down. 


- Write protection of a common variable 


Multiple common variables (#500 to #999) can be protected (their 
attributes are set to READ only) by setting variable numbers in 
parameters No.6031 and No.6032. This protection is enabled for 
both Input/All Clear by MDI on the macro screen and write operation 
by a macro program. If the NC program specifies WRITE operation 
(used in the left side) for a common program in the set range, an alarm 
PSO116 is issued. 
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- System variable 


- System constant 


PROGRAMMING 16.CUSTOM MACRO 


A variable whose usage does not vary in the system. The attribute of 
a system variable is READ only, WRITE only, or READ/WRITE 
enabled depending on the nature of a system variable. 


A system constant can be referenced as with a variable even though its 
value is fixed. The attribute of a system constant is READ only. 


- Omission of the decimal point 


- Referencing variables 


When a variable value is defined in a program, the decimal point can 
be omitted. 
[Example] 
When #1 = 123; is defined, the actual value of variable #1 is 123.000. 


The value following an address can be replaced with a variable. 
When programming as <address>#i or <address>-#i, the variable 
value or the complement of it is used as the specified value of the 
address. 

[Example] F#33 is the same as F1.5 when #33 = 1.5. 

Z-#18 is the same as Z-20.0 when #18 = 20.0. 
G#130 is the same as G3 when #130 = 3.0. 
A variable cannot be referenced using address/, :, or O and N. 

[Example] Programming such as O#27 or N#1 is not allowed. 

n(n = 1 to 9) in the optional block skip /n cannot be a variable. 
A variable number cannot be specified by a direct variable. 

[Example] When replacing 5 in #5 with #30, specify #[#30] instead of ##30. 
No values exceeding the maximum allowable value for each 
address can be specified. 

[Example] When #140 = 120, G#140 exceeds the maximum allowable 
value. 

When a variable is used as address data, the variable is 
automatically rounded off to the number of significant figures of 
each address or less. 

[Example] For a machine with an increment system of 1/1000 mm (IS-B), 
when #1 = 12.3456, GOO X#1; becomes G00 X12.346;. 

If <expression>, described later, is used, the value following an 
address can be replaced with <expression>. 

<address>[<expression>] or <address>-[<expression>] 
The program code shown above indicates the value of <expression> or 
the complement of the value is used as an address value. Note that a 
constant with no decimal point, enclosed in brackets ([ ]), is assumed 
to have a decimal point at the end. 

[Example] X[#24+#18*COS[#1]] 

Z-[#18+#26] 
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- Undefined variable 
When the value of a variable is not defined, such a variable is referred 
to as a "null" variable. Variables #0 and #3100 are always null 
variables. They cannot be written to, but they can be read. 


(a) Quotation 
When an undefined variable is quotated, the address itself is also 
ignored. 


Original command G90 X100 Y#1 


Equivalent command when #1 = <null> G90 X100 
Equivalent command when #1 = 0 G90 X100 YO 








(b) Definition/replacement, addition, multiplication 
When a local variable or common variable is directly replaced 
with <null>, the result is <null>. When a system variable is 
directly replaced with <null> or the result of calculation 
including <null> is replaced, a variable value of 0 is assumed. 


Original expression 
(local variable) 
Replacement result 
(when #1 = <null>) 
Replacement result (when #1 = 0) 


#2=#1*5 #2=#1 +41 





Original expression 
(common variable) 
Replacement result 
(when #1 = <null>) 
Replacement result (when #1 = 0) 


#100=#1 














Original expression 
(system variable) 
Replacement result 
(when #1 = <null>) 

Replacement result (when #1 = 0) 


#2001=#1 | #2001=#1*5 | #2001=#1+#1 

















(c) Comparison 
<null> differs from 0 only for EQ and NE. 
<null> is equal to 0 for GE, GT, LE, and LT. 
e When <null> is assigned to #1 


expression 
Not Not 


Evaluation Established | Established | Established : Established ; 
established established 
result (true) (true) (true) 


We) (false) 





(false) 
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e When 0 is assigned to #1 


expression 
Not Not Not Not 


Evaluation established established Es leblishied established Eolablisned established 


result (false) (false) (rue) (false) nee) (false) 





- Specifying a system variable (constant) by its name 
A system variable (constant) is specified by its variable number, but it 
can also be specified by its predetermined system variable (constant) 
name. A system variable (constant) name begins with an underscore 
(_), followed by up to seven uppercase letters, numerics, or 
underscores. For axis-dependent variables (such as coordinates) or 
variables having a lot of data of similar types (such as tool 
compensation), subscript [n] (n: integer) can be used to specify values. 
In this case, n can be specified in <expression> format (calculation 


format). The command format must be specified in 
[#system-variable-name] format, as shown below. 
[#_DATE] 
[Example] 
[#_DATE]=20040117 ; : 2004.01.17 is assigned to #3011 (year 
month date). 
[#_TIME]=161705 ; : 16:17:05 is assigned to #3012 (time 
minute second). 
#101=[# ABSMT[1]] ; : #5021 (machine coordinate value of 
the 1st axis) is read off and assigned 
to #101. 


#102=[#_ ABSKP[#500*2]] ; : #506x (skip position of [#500*2]th axis) 
is read off and assigned to #102. 
If a value other than an integer is specified for subscript n, a variable 
value is referenced, assuming that the fractional portion is rounded 
off. 
[Example] 
[# ABSIO[1.4999999]]: This value is assumed to be [# ABSIO[1]], 
that is, #5001. 
[# ABSIO[1.5000000]]: This value is assumed to be [# ABSIO[2]], 
that is, #5002. 


NOTE 
1 When the specified variable name is not registered, 


an alarm PS1098 is issued. 
2 When a negative or other invalid subscript is 
specified, an alarm PS1099 is issued. 
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- System constant #0, #3100-#3102 (Attribute: R) 
Constants used as fixed values in the system can be used as system 
variables. Such constants are called system constants. The system 
constants provided are shown below. 


Constant Constant 
number name 
#0, #3100 [#_EMPTY] _|Null 
Circular constant x 
= 3.14159265358979323846 
Base of natural logarithm e 
= 2.71828182845904523536 


Description 





#3101 [#_ Pl] 





#3102 [#_E] 











- Specifying a common variable by its name 
Specifying a variable name set by the SETVN command described 
later allows reading from or writing to a common variable. 
The command must be — specified in the form 
[#common-variable-name] such as [#VAR500]. 


[Example] 

X[#HPOS1] Y[FPOS2] ; : Specifying a position by the variable 
name 

[#POS1] = #100+#101 ; : Executing a assignment statement 
by the variable name 

#[100+[#ABS]] = 500 ; : Same as above (by a_ variable 
number) 

#500 = [1000+[#POS2]*10]; : Reading a variable by a variable 
name 


- Setting and specifying the name of a common variable (SETVN) 
For the 50 common variables, #500 to #549, a name of up to eight 
characters can be specified by using a command as shown below. 


SETVN n [VAR500, VAR501, VAR502.......] ; 


n represents the starting number of a common variable for which the 
name is specified. 

VAR500 is the variable name of variable n, VAR501 is the variable 
name of variable n+1, and VAR502 is the variable name of variable 
number n+2, and so on. Each string is delimited by a comma (,). 
All codes that can be used as meaningful information in a program 
except control in, control out, [, ], EOB, EOR, and : (colon in a 
program number) can be used. However, each name must begin with 
an alphabetical character. Variable names are not cleared on 
switch-off. 

Specifying a set variable name allows reading from or writing to the 
common variable. The command must be specified in the form 
[#common-variable-name] such as [#VAR500]. 
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[Example] SETVN 510[TOOL_NO, WORK_NO, COUNTER1, COUNTER2]; 


The command above names the variables as follows. 
Variable 


TOOL_NO 
WORK_NO 
COUNTER1 
COUNTER2 


The names specified by the command can be used in a 
program. For example, when 10 is assigned to #510, the 
expression [#T OOL_NO]=10; can be used instead #510=10;. 

















NOTE 
If the same name was specified for different 


common variables, only the variable which has the 
smaller variable number can be referenced with the 
specified name. 
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16.2 SYSTEM VARIABLES 





System variables can be used to read and write internal CNC data such 
as tool compensation values and current position data. 
variables are essential for automation and general-purpose program 


development. 


List of system variables and constants 
n represents a subscript. 


- Interface signals 


System 
variable 
number 


System 

variable 
name 
[#_UI[n] 


R, W, and R/W are attributes of a variable and indicate read-only, 


write-only, and read/write enabled, respectively. 


Attribute 


Description 


Interface input signals (BIT), UlI000-UI031 
NOTE) Subscript n represents a BIT position (0-31). 





[#_UIL[n]] 


Interface input signals (LONG), Ul000-U1031/ UI100-UI131/ 

UI200-UI231/U1300-UI331 

NOTE) Subscript n (0-3): 0 = Ul000-UI031, 1 = UI100-UI131, 
2 = Ul200-231, 3 = UI300-UI331 





[#_UO[n]] 


Interface output signals (BIT), UO000-UO0031 
NOTE) Subscript n represents a BIT position (0-31). 








[#_UOL[n]] 











Interface output signals (LONG), UO000-U0031/ 

U0100-U0131/U0200-U0231/U0300-U0331 

NOTE) Subscript n (0-3): 0 = UO000-U0031, 1 = UO100-U0131, 
2 = UO200-231, 3 = UO300-U0331 
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- Tool compensation value 


System variable 
number 
#2001-#2200 


#10001-#10999 
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Tool compensation memory A 


System 
variable name 


[#_OFSj[n]] 





Attribute 





Description 


Tool compensation value 
Note) Subscript n represents a compensation 


number (1 to 200). 
When the number of sets is larger than 200, 
the numbers to the left can also be used. 
Note) Subscript n represents a compensation 
number (1 to 999). 





Tool compensation memory B when parameter V15 (No.6000#3) = 0 


System variable 
number 
#2001-#2200 


#10001-#10999 


System 
variable name 


[#_OFSWInI] 


Attribute 


Description 


Tool compensation value (wear) 
Note) Subscript n represents a compensation 


The numbers to the left can also be used. 
Note) Subscript n represents a compensation 
number (1 to 999). 





#2201-#2400 


#11001-#11999 





[#_OFSG[n]] 











Tool compensation value (H code, geometry) 
Note) Subscript n represents a compensation 


The numbers to the left can also be used. 
Note) Subscript n represents a compensation 
number (1 to 999). 


Tool compensation memory B when parameter V15 (No.6000#3) = 1 


System variable 
number 
#2001-#2200 


#10001-#10999 


System 
variable name 


[#_OFSG[n]] 


Attribute 


Description 


Tool compensation value (geometry) 
Note) Subscript n represents a compensation 


The numbers to the left can also be used. 
Note) Subscript n represents a compensation 
number (1 to 999). 





#2201-#2400 


#11001-#11999 





[#_ OFSWInI]] 
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Tool compensation value (H code, wear) 
Note) Subscript n represents a compensation 


The numbers to the left can also be used. 
Note) Subscript n represents a compensation 
number (1 to 999). 
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Tool compensation memory C when parameter V15 (No.6000#3) = 0 


System variable 
number 
#2001-#2200 


#10001-#10999 


System 
variable name 
[#_OFSHW)n]] 


Attribute 


Description 


Tool compensation value (H code, wear) 
Note) Subscript n represents a compensation 


The numbers to the left can also be used. 
Note) Subscript n represents a compensation 
number (1 to 999). 





#2201-#2400 


#11001-#11999 


[#_OFSHG[n]] 


Tool compensation value (H code, geometry) 
Note) Subscript n represents a compensation 


The numbers to the left can also be used. 
Note) Subscript n represents a compensation 
number (1 to 999). 





#12001-#12999 


[#_OFSDWIn]] 


Tool compensation value (D code, wear) 
Note) Subscript n represents a compensation 
number (1 to 999). 





# 13001-#13999 


Tool compensation memory C wh 


System variable 
number 
#2001-#2200 


#10001-#10999 


[#_OFSDGIn]] 


System 
variable name 


[#_OFSHG[n]] 


Attribute 


Tool compensation (D code, geometry) 
Note) Subscript n represents a compensation 
number (1 to 999). 





en parameter V15 (No.6000#3) = 1 


Description 


Tool compensation value (H code, geometry) 

Note) Subscript n represents a compensation 
number (1 to 200). 

The numbers to the left can also be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2201-#2400 


#11001-#11999 


[#_OFSHW)[n]] 


Tool compensation value (H code, wear) 

Note) Subscript n represents a compensation 
number (1 to 200). 

The numbers to the left can also be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2401-#2600 


#12001-#12999 


[#_OFSDG[n]] 


Tool compensation value (D code, geometry) 

(Note 2) 

Note 1) Subscript n represents a 
compensation number (1 to 200). 

Note 2) Enabled when parameter D15 
(No.6004#5) = 1. 

The numbers to the left can also be used. 

Note) Subscript n represents a compensation 

number (1 to 999). 





#2601-#2800 


#13001-#13999 





[#_OFSDWInI]] 





) (Note 2) 


Tool compensation value (D code, wear 

Note 1) Subscript n represents a 
compensation number (1 to 200). 

Note 2) Enabled when parameter D15 
(No.6004#5) = 1. 

The numbers to the left can also be used. 

Note) Subscript n represents a compensation 
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- Tool compensation value 


System variable 
number 


#200 1-#2064 


#10001-#10999 
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Without tool geometry/wear compensation memory 


System 
variable name 
[#_OFSX[n]] 


Attribute 
R/W 


Description 


X-axis compensation value (*1) 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, the 

numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2101-#2164 


#11001-#11999 


[#_OFSZ[n]] 


R/W 


Z-axis compensation value (*1) 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, the 

numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2201-#2264 


#12001-#12999 


[#_OFSRIn]] 


R/W 


Tool nose radius compensation value 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, the 

numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2301-#2364 


#13001-#13999 


[#_OFST[n]] 


R/W 


Virtual tool tip T position 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, the 

numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2401-#2449 


#14001-#14999 


[# OFSY[n]] 








R/W 





Y-axis compensation value (*1) 

Note) Subscript n represents a compensation 
number (1 to 49). 

When the number of sets is larger than 49, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





(*1) X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic three 
axes, Y-axis: Y-axis of basic three axes 
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System variable 
number 
#2001-#2064 


#10001-#10999 
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With tool geometry/wear compensation memory 


System 
variable name 
[#_OFSXW)[n]] 


Attribute 


Description 


X-axis compensation value (wear) (*1) 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2101-#2164 


#11001-#11999 


[#_OFSZWIn]] 


Z-axis compensation value (wear) (*1) 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2201-#2264 


#12001-#12999 


[#_OFSRWIn]] 


Tool nose radius compensation value (wear) 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2301-#2364 


#13001-#13999 


[#_OFST[n]] 


Virtual tool tip T position 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2401-#2449 


#14001-#14999 


[#_OFSYWIn]] 


Y-axis compensation value (wear) (*1) 

Note) Subscript n represents a compensation 
number (1 to 49). 

When the number of sets is larger than 49, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2451-#2499 


#19001-#19999 


[#_ OFSYGIn]] 


Y-axis compensation value (geometry) (*1) 

Note) Subscript n represents a compensation 
number (1 to 49). 

When the number of sets is larger than 49, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 





#2701-#2749 


#15001-#15999 





[#_ OFSXGIn]] 
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X-axis compensation value (geometry) (*1) 

Note) Subscript n represents a compensation 
number (1 to 49). 

When the number of sets is larger than 49, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 49). 
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System variable 
number 


#280 1-#2849 


System 
variable name 


[#_OFSZG[n]] 


Attribute Description 


Z-axis compensation value (geometry) (*1) 

Note) Subscript n represents a compensation 
number (1 to 49). 

When the number of sets is larger than 49, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 

Tool nose radius compensation value 

(geometry) 

Note) Subscript n represents a compensation 
number (1 to 64). 

When the number of sets is larger than 64, 

the numbers to the left can be used. 

Note) Subscript n represents a compensation 
number (1 to 999). 

(*1) X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic three 

axes, Y-axis: Y-axis of basic three axes 


#16001-#16999 





#290 1-#2964 [#_OFSRG[n]] 


#17001-#17999 














- Workpiece coordinate system shift amount 


System variable 
number 


2 yetem Attribute 
variable name 


R/W ___|X-axis workpiece shift amount 


[# WZ_SETX] 


Description 





[# WZ_SHTZ] 





Z-axis workpiece shift amount 


X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic three axes 


- Automatic operation or the like 


System variable 
number 


System 
variable name 
[(# ALM] 


Attribute 


Description 


Macro alarm 





[# CLOCK1] 


Clock 1 (ms) 





[# CLOCK2] 


Clock 2 (hr) 





[# CNTL1] 


Enable or disable the suppression of single 
block stop. 

Enable or disable the waiting of the auxiliary 
function completion signal. 





#3003 bit 0 


[#_M_SBK] 


Enable or disable the suppression of single 
block stop. 





#3003 bit 1 


[#_M_FIN] 


Enable or disable waiting for the auxiliary 
function completion signal. 





#3004 


[#_ CNTL2] 


Enable or disable feed hold. 
Enable or disable feedrate override. 
Enable or disable exact stop check. 





#3004 bit 0 


[#_M_FHD] 


Enable or disable feed hold. 





#3004 bit 1 


[#_M_OV] 


Enable or disable feedrate override. 





#3004 bit 2 


[# M_EST] 


Enable or disable exact stop check. 





#3005 


[# SETDT] 


Read/write setting data. 





#3006 


[# MSGSTP] 


Stop with a message. 





#3007 


[# MRIMG] 


Status of a mirror image (DI and setting) 





#3008 








[# PRSTR] 
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Restarting/not restarting a program 


16.CUSTOM MACRO PROGRAMMING B-63944EN/02 


- Time 
System variable System 
number variable name 
#3011 [# DATE] R Year/Month/Date 
#3012 [#_ TIME] R Hour/Minute/Second 


Attribute Description 








- Number of parts 


eystem vanable System Attribute Description 
number variable name 


#3901 [#_PRTSA] Total number of parts 
#3902 [# PRTSN] oh Number of required parts 








- Tool compensation memory 


System veraple . vere Attribute Description 
number variable name 


#3980 [#_OFSMEM] | R | Tool compensation memory information 





- Main program number 


Sy stemverable s vere Attribute Description 
number variable name 





#4000 [#_ MAINO] | R__|Main program number 
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- Modal information 


System variable System 
number variable name 

#4001-#4030 [#_BUFG[n]] Modal information on blocks that have been 

specified by last minute (G code) 

Note) Subscript n represents a G code group 

number. 

[#_BUFB] Modal information on blocks that have been 

specified by last minute (B code) 

[#_BUFD] Modal information on blocks that have been 

specified by last minute (D code) 

[#_BUFE] Modal information on blocks that have been 

specified by last minute (E code) 

[#_BUFF] Modal information on blocks that have been 

specified by last minute (F code) 

[#_BUFH] Modal information on blocks that have been 

specified by last minute (H code) 

[#_BUFM] Modal information on blocks that have been 

specified by last minute (M code) 

[#_BUFN] Modal information on blocks that have been 

specified by last minute (sequence number) 

[#_BUFO] Modal information on blocks that have been 

specified by last minute (program number) 

[#_BUFS] Modal information on blocks that have been 

specified by last minute (S code) 

[#_BUFT] Modal information on blocks that have been 

specified by last minute (T code) 

[#_BUFWZP] Modal information on blocks that have been 

specified by last minute (additional workpiece 

coordinate system number) 

#4201-#4230 [#_ACTG[n]] Modal information on the block currently being 

executed (G code) 

Note) Subscript n represents a G code group 

number. 

[#_ACTB] Modal information on the block currently being 

executed (B code) 

[#_ACTD] Modal information on the block currently being 

executed (D code) 

[#_ACTE] Modal information on the block currently being 

executed (E code) 

[#_ACTF] Modal information on the block currently being 

executed (F code) 

[#_ACTH] Modal information on the block currently being 

executed (H code) 

[#_ACTM] Modal information on the block currently being 

executed (M code) 

[#_ACTN] Modal information on the block currently being 

executed (sequence number) 

[#_ACTO] Modal information on the block currently being 

executed (program number) 

[#_ACTS] Modal information on the block currently being 

executed (S code) 


Attribute Description 
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System variable 
number 


PROGRAMMING 


System 
variable name 


[# ACTT] 


Attribute 
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Description 


Modal information on the block currently being 
executed (T code) 





[# ACTWZP] 


Modal information on the block currently being 
executed (additional workpiece coordinate 
system number) 





#4401-#4430 


[#_INTG[n]] 


Modal information on interrupted blocks (G 

code) 

Note) Subscript n represents a G code group 
number. 





[#_INTB] 


Modal information on interrupted blocks (B 
code) 





[#_INTD] 


Modal information on interrupted blocks (D 
code) 





[#_ INTE] 


Modal information on interrupted blocks (E 
code) 





[#_INTF] 


Modal information on interrupted blocks (F 
code) 





[#_INTH] 


Modal information on interrupted blocks (H 
code) 





[#_INTM] 


Modal information on interrupted blocks (M 
code) 





[#_INTN] 


[#_INTO] 


Modal information on interrupted blocks 
sequence number 
Modal information on interrupted blocks 
(program number) 





[#_INTS] 


Modal information on interrupted blocks (S 
code) 





[#4 INTT] 


Modal information on interrupted blocks (T 
code) 








[#_INTWZP] 








Modal information on interrupted blocks 
(additional workpiece coordinate system 
number) 























eyetem Valais S een Attribute Description 
number variable name 

#4001-#4030 [#_BUFG[n]] R Modal information on blocks that have been 
specified by last minute (G code) 
Note) Subscript n represents a G code group 

number. 

#4108 [#_BUFE] R Modal information on blocks that have been 
specified by last minute (E code) 

#4109 [#_BUFF] R Modal information on blocks that have been 
specified by last minute (F code) 

#4113 [#_BUFM] R Modal information on blocks that have been 
specified by last minute (M code) 

#4114 [#_BUFN] R Modal information on blocks that have been 
specified by last minute (sequence number) 

#4115 [#_BUFO] R Modal information on blocks that have been 
specified by last minute (program number) 

#4119 [#_BUFS] R Modal information on blocks that have been 
specified by last minute (S code) 
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System variable System 
number variable name 

[# _BUFT] Modal information on blocks that have been 

specified by last minute (T code) 

[#_BUFWZP] Modal information on blocks that have been 

specified by last minute (additional workpiece 

coordinate system number) 

#4201-#4230 [#_ACTG[n]] Modal information on the block currently being 

executed (G code) 

Note) Subscript n represents a G code group 

number. 

[# ACTE] Modal information on the block currently being 

executed (E code) 

[#_ACTF] Modal information on the block currently being 

executed (F code) 

[#_ACTM] Modal information on the block currently being 

executed (M code) 

[#_ACTN] Modal information on the block currently being 

executed (sequence number) 

[#_ACTO] Modal information on the block currently being 

executed (program number) 

[#_ACTS] Modal information on the block currently being 

executed (S code) 

[#_ACTT] Modal information on the block currently being 

executed (T code) 

[#_ACTWZP] Modal information on the block currently being 

executed (additional workpiece coordinate 

system number) 

#4401-#4430 [#_INTG[n]] Modal information on interrupted blocks (G 

code) 

Note) Subscript n represents a G code group 

number. 

[#_INTE] Modal information on interrupted blocks (E 

code) 

[#_INTF] Modal information on interrupted blocks (F 

code) 

[#_INTM] Modal information on interrupted blocks (M 

code) 

[#_INTN] Modal information on interrupted blocks 

(sequence number) 

[#_INTO] Modal information on interrupted blocks 

(program number) 

[#_INTS] Modal information on interrupted blocks (S 

code) 

[#_INTT] Modal information on interrupted blocks (T 

code) 

[#_INTWZP] Modal information on interrupted blocks 

(additional workpiece coordinate system 

number) 


Attribute Description 
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- Position information 


System variable 
number 
#5001-#5020 


#100001-#100050 


PROGRAMMING 


System 
variable name 
[#_ABSIO[n]] 


Attribute 


B-63944EN/02 


Description 


End point position of the previous block 
(workpiece coordinate system) 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 





#502 1-#5040 


#100051-#100100 


[#_ABSMT[n]] 


Specified current position (machine coordinate 
system) 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 





#504 1-#5060 


#100101-#100150 


[# ABSOTIn]] 


Specified current position (workpiece 
coordinate system) 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 





#506 1-#5080 


#100151-#100200 





[#_ ABSKP[n]] 


- Tool length compensation value 


System variable 
number 
#5081-#5100 


#100201-#100250 





System 
variable name 


[#_TOFS[n]] 








Attribute 
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Skip position (workpiece coordinate system) 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 











(1 to 50). 


Description 


Tool length compensation value 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 
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- Tool offset value 


System variable 
number 


PROGRAMMING 


System 
variable name 


Attribute 


16.CUSTOM MACRO 


Description 








‘|[# TOFSGY] 
X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic three axes, 











Z-axis tool offset (geometry) 


Y-axis: Y-axis of basic three axes 


- Servo position deviation 


System variable 
number 
#5101-#5120 


#100251-#100300 


- Manual handle interruption 


System variable 
number 


#5121-#5140 


#100651-#100700 


- Distance to go 


System variable 
number 


#5181-#5200 


#100801-#100850 


System 
variable name 


[#_SVERRIn]] 











System 
variable name 


[#_MIRTP[n]] 


System 
variable name 


[#_DIST[n]] 
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Attribute 


Description 


Servo positional deviation 

Note) Subscript n represents a axis number 
(1 to 20). 

The numbers to the left can also be used. 

Note) Subscript n represents a axis number 








Attribute 


Attribute 





(1 to 50). 


Description 


Manual handle interruption 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 


Description 


Distance to go 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 
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PROGRAMMING 
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- Workpiece origin offset value, extended workpiece origin offset value 


System variable 
number 
#5201-#5220 


System 


variable name 


[#4 WZCMNInI] 


Attribute 


Description 


Common workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#5221-#5240 


[#_WZG54[n]] 


G54 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#524 1-#5260 


[#_ WZG55I[n]] 


G55 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#5261-#5280 


[#_ WZG56[n]] 


G56 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#528 1-#5300 


[#_WZG57[n]] 


G57 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#530 1-#5320 


[#_ WZG58In]] 


G58 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#532 1-#5340 


[#_ WZG59I[n]] 


G59 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#100301-#100350 


[#. WZCMNInI] 


Common workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 





#100351-#100400 


[#_ WZG54{n]] 


G54 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 





#100401-#100450 


[#_ WZG55I[nl] 


G55 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 





#100451-#100500 


[#_ WZG56[n]] 


G56 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 





#100501-#100550 


[#_WZG57[nI] 


G57 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 





#100551-#100600 


[#_ WZG58In]] 


G58 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 





#100601-#100650 


[#_ WZG59I[n]] 


G59 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 





Extended workpiece origin offset value 





#7001-#7020 


[#_WZP1[n]] 


R/W 


G54.1P1 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#7021-#7040 





[#_WZP2[n]] 
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G54.1P2 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 
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System variable 


number 


PROGRAMMING 


System 
variable name 


Attribute 
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Description 








#7941-#7960 


i WZP48in] 


R/W 


G54.1P48 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#14001-#14020 


[# WZP14[n]] 


R/W 


G54.1P1 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#14051-#14100 


[#_WZP2[n]] 


R/W 


G54.1P2 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 








#1997 1-#20000 


# WZP300In] 


R/W 


G54.1P300 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#101001-#101050 


[# WZP4[n]] 


R/W 


G54.1P1 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 





#101051-#101100 


[#_WZP2[n]] 


R/W 


G54.1P2 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 50). 








#115901-#115950 


#115951-#116000 


System variable 
number 
#5201-#5220 





i# WZP299InI] 


[#_WZP300[n]] 


System 
variable name 
[#_WZCMN[n]] 





R/W 


Attribute 





G54.1P299 workpiece origin offset value 

Note) Subscript n represents a axis number 
1 to 50). 

G54.1P300 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 


Description 


External workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#5221-#5240 


[# WZG54]n]] 


G54 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#524 1-#5260 


[#_ WZG55I[nl] 


G55 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#526 1-#5280 


[# WZG56[n]] 


G56 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#528 1-#5300 


[# WZG57[n]] 


G57 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 





#5301-#5320 





[# WZG58In]] 
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G58 workpiece origin offset value 
Note) Subscript n represents a axis number 
(1 to 20). 
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System variable System 
number variable name 

#532 1-#5340 [#_WZG59[n]] G59 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 20). 

#100301-#100350 |[# WZCMN[n]] External workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

#100351-#100400 |[# WZG54[n]] G54 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

#100401-#100450 |[# WZG55][n]] G55 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

#100451-#100500 |[# WZG56[n]] G56 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

#100501-#100550 |[# WZG57[n]] G57 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

#100551-#100600 |[# WZG58jn]] G58 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

#100601-#100650 |[# WZG59j[n]] G59 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

Extended workpiece origin offset value 

#7001-#7020 [#_WZP1[n]] R/W |G54.1P1 workpiece origin offset value 

Note) Subscript n represents a axis number 
1 to 20). 

#7021-#7040 [#_WZP2[n]] G54.1P2 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 20). 


Attribute Description 



































#794 1-#7960 [#_WZP48[n]] G54.1P48 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 20). 

#101001-#101050 |[# WZP1[n]] G54.1P1 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

#101051-#101100 |[# WZP2[n]] G54.1P2 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 














#115901-#115950 | [#_WZP299[n]] G54.1P299 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 

#115951-#116000 | [#_WZP300[n]] G54.1P300 workpiece origin offset value 

Note) Subscript n represents a axis number 
(1 to 50). 
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- Skip position (detection unit) 


System variable 
number 
#5421-#5440 


#100701-#100750 





PROGRAMMING 


System 
variable name 
[#_SKPDTC[n]] 


- Rotary table dynamic fixture offset value 


System variable 
number 
#5500 


System 
variable name 
[#_FOFSP] 





Attribute 


Attribute 
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Description 


Skip position (detection unit) 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 





Description 


Number of the standard fixture offset being 
selected (P) 





#550 1-#5520 


#117001-#117050 


[#_FOFSVALI[n]] 


Offset value of the standard fixture offset being 
selected 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 





#552 1-#5540 


#117051-#117100 


[# FOFS1[n]] 


Standard fixture offset value (first set) 

Note) Subscript n represents a axis number 
(1 to 20). 

The numbers to the left can also be used. 

Note) Subscript n represents a axis number 
(1 to 50). 





#554 1-#5560 


#117101-#117150 


[#_FOFS2[n]] 


Standard fixture offset value (second set) 

Note) Subscript n represents a axis number 
(1 to 20). 

The numbers to the left can also be used. 

Note) Subscript n represents a axis number 
(1 to 50). 





#556 1-#5580 


#117151-#117200 


[#_FOFS3j[n]] 


Standard fixture offset value (third set) 
Note) Subscript n represents a axis number 


The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 





#558 1-#5600 


#117201-#117250 





[#_FOFS4[n]] 
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Standard fixture offset value (fourth set) 

Note) Subscript n represents a axis number 
(1 to 20). 

The numbers to the left can also be used. 

Note) Subscript n represents a axis number 
(1 to 50). 
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System variable System 
number variable name 
#5601-#5620 [#_FOFS5[n]] Standard fixture offset value (fifth set) 
Note) Subscript n represents a axis number 


Attribute Description 


#117251-#117300 The numbers to the left can also be used. 

Note) Subscript n represents a axis number 
(1 to 50). 

#5621-#5640 [#_FOFS6[n]] Standard fixture offset value (sixth set) 

Note) Subscript n represents a axis number 





#117301-#117350 The numbers to the left can also be used. 

Note) Subscript n represents a axis number 
(1 to 50). 

#564 1-#5660 [#_FOFS7[n]] Standard fixture offset value (seventh set) 

Note) Subscript n represents a axis number 





#117351-#117400 The numbers to the left can also be used. 

Note) Subscript n represents a axis number 
(1 to 50). 

#566 1-#5680 [#_FOFS8[n]] Standard fixture offset value (eighth set) 

Note) Subscript n represents a axis number 





#117401-#117450 The numbers to the left can also be used. 
Note) Subscript n represents a axis number 
(1 to 50). 
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- Dynamic standard tool compensation value 


System variable System 
number variable name 

#118051-#118100 |[#_DOFS1[n]] Dynamic standard tool compensation value 
(first set) 

Note) Subscript n represents a axis number 
(1 to 50). 

#118101-#118150 |[#_DOFS2[n]] Dynamic standard tool compensation value 

(second set) 

Note) Subscript n represents a axis number 
(1 to 50). 

#118151-#118200 |[# DOFS3{[n]] Dynamic standard tool compensation value 
(third set) 

Note) Subscript n represents a axis number 
(1 to 50). 

#118201-#118250 |[# DOFS4[n]] Dynamic standard tool compensation value 
(fourth set) 

Note) Subscript n represents a axis number 
(1 to 50). 

#118251-#118300 |[#_DOFS5[n]] Dynamic standard tool compensation value 
(fifth set) 

Note) Subscript n represents a axis number 
(1 to 50). 

#118301-#118350 |[# DOFS6[n]] Dynamic standard tool compensation value 
(sixth set) 

Note) Subscript n represents a axis number 
(1 to 50). 

#118351-#118400 |[#_DOFS7[n]] Dynamic standard tool compensation value 

(seventh set) 

Note) Subscript n represents a axis number 
(1 to 50). 

#118401-#118450 |[# DOFS8[n]] Dynamic standard tool compensation value 

(eighth set) 

Note) Subscript n represents a axis number 
(1 to 50). 


Attribute Description 



































- System constant 


System constant |System constant 
number name 

[#_EMPTY] Null 

[#_Pl] Circular constant 2 

= 3.14159265358979323846 

[#_E] Base of natural logarithm e 

= 2.71828182845904523536 


Attribute Description 
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Explanation 
R, W, and R/W are attributes of a variable and represents read-only, 
write-only, and read/write enabled, respectively. 


- Interface signal #1000-#1031, #1032, #1033-#1035 (Attribute: R) 
#1100-#1115, #1132, #1133-#1135 (Attribute: R/W) 
[Input signal] 
The status of interface input signals can be obtained by reading the 
value of system variables #1000 to #1032. 


Variable Variable 
number name 
[#_UI[0O]] UI000 (2°) 
[# Ul[1]] UI001 (2') 
(#_UIl[2]] UI002 (2”) 
[# UIl[3]] UI003 (2°) 
[# Ul[4]] UI004 (2") 
[# Ul[5]] UI005 (2°) 
) 
) 
) 
) 


Interface input signal 




















[#_UI[6]] uloo6 (2° 
[#_UI[7]] Ul007 (2” 








[#_UI[8]] ulo08 (2° 
[#_UI[9I] Ul009 (2° 
[#_UI[10]] Ul010 (2"° 
[#_Ul[11]] ulo11 (2"" 














) 
) 
[#_UI[12]] Ul012 (2"%) 
[#_Ul[13]] Ul013._ (2"%) 
[#_Ul[14]] Ul014 (2"4) 
f# UI[15]] Ul015 (2"°) 
[#_UI[16]] Ul016 (2'°) 
f#_UI[17]] Ul017 (2"’) 
[#_UI[18]] Ul018 (2'°) 
f# UI[19]] Ul019 (2'°) 
[#_UI[20]] Ul020 (2°) 
) 
) 
) 
) 
) 
) 
) 
) 
) 
) 





























[#_Ul[21]] Ul021 (27" 
[#_Ul[22]] Ul022 (2% 








[ 
[ 
[#_Ul[23]] Ul023 (2% 
[#_Ul[24]] ulo24 (2% 
[25]] Ul025 (2% 
[ 
[ 
[ 
[ 











[# Ul[26]] Ul026 (278 
[#_Ul[27]] Ul027 (2°” 
[#_Ul[28]] Ul028 (2% 
[#_Ul[29]] ulo29 (2% 
[#_UI[30]] UI030 (2°° 
[#_Ul[31]] Ul031 (2°') 
[#_UIL[O]] U1000-U1031 
[#_UIL[1]] UI100-UI131 
[#_ VIL[2]] UI200-UI231 
[#_UIL[3]] UI300-U1331 
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Variable value | Input signal_| 


1.0 Contact closed 
0.0 Contact opened 








Since the read value is 1.0 or 0.0 regardless of the unit system, the unit 
system must be considered when a macro is created. 

The input signals at 32 points can be read at a time by reading from 
system variables #1032 to #1035. 


30 
#1032 =)” #[1000 +i] 2'—#1031x 2" 


i=0 
30 
#[1032 +n] =). 2! xV,J-2"! xV 
i=0 


When UIn;= 0, V; = 0. 
When Uln; = 1, V; = 1. 
n=0-3 


[Output signal] 
Interface output signals can be sent by assigning values to system 


variables #1100 to #1132 for sending interface signals. 


Variable 
number 


Variable 
name 
[#_UO[O]] 


Interface input signal 


UO000 (2° 





[#_UVO[1]] 


Uo001 (2' 





[#_UVO[2]] 


UO002 (2? 





[#_UO[3]] 


UO003 (2° 





[#_UO[4]] 


UO004 (24 





[#_UO[S]] 





[#_VO[6]] 


UO006 (2° 





[#_VOT7]] 


UO007 (2’ 





[#_UO[8]] 


Uo008 (28 





[#_UO[9]] 


) 
) 
) 
) 
) 
UO005 (2°) 
) 
) 
) 
) 


UO009 (2° 





[# UO[10]] 


UO010 (2'° 





[#_UOf[11]] 


Uuoo11 (2"" 





[# UO[12]] 


UO012 (2% 





[#_UO[13]] 


Uo013 (2'° 





[#_UO[14]] 


Uo014 (2 





[#_UO[15]] 


UO015 (2'° 





[# UO[16] 


uo016 (2"° 





[#_UO[17]] 


UO017 (2 





[#_UO[18]] 





[# UO[19]] 


uo019 (2"° 





[# UO[20]] 


UO020 (27° 





[#_UO[21]] 


UoO021 (27" 





[#_UO[22]] 


UO022 (27 





[#_UO[23]] 


U0023 (27 





[#_UO[24]] 


U0024 (27 








[# UO[25]] 
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) 
) 
) 
) 
) 
) 
) 
) 
Uo018 (218) 
) 
) 
) 
) 
) 
) 
) 


UO025 (27° 
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Variable Variable : : 
Interface input signal 
number name 
[#_UO[26]] UO026 (27°) 
[# UO[27] U0027 (22’) 
[#_UO[28]] U0028 (278) 
[# UO[29]] U0029 (27°) 
[#_UO[30]] U0030 (2%°) 
[# UO[31] UO031 (2°") 
[#_UOL[O]] UO000-U0031 
[# UOL[1]] UO100-U0131 
[# UOL[2]] UO200-U0231 
[# UOL[3]] UO300-U0331 
| Variable value |_Input signal _| 
1.0 Contact closed 
0.0 Contact opened 


The output signals at 32 points can be written at a time by writing to 
system variables #1132 to #1135. The signals can also be read. 


30 
#1132 = > #[1000 +7] x2! #1 131x2™ 


i=0 
30 
H[L132 +n] = 92! xV,J-2" xVy 
i=0 


When UlIn; = 0, V; = 0. 
When Uln; = 1, V; = 1. 
n=0-3 


NOTE 

1 When a value other than 1.0 or 0.0 is assigned to 
variables #1100 to #1131, it is assumed as follows. 
<null> is assumed to be 0. 
A value other than <null> or 0 is assumed to be 1. 


Where, a value less than 0.00000001 is undefined. 
When any of UI016 to UI031, UI100 to UI131, 
UI200 to UI231, UI300 to UI331, UO016 to UO031, 
UO200 to UO231, and UO300 to UO331 are used, 
parameter MIF (No.6001#0) must be set to 1. 
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Example 


PROGRAMMING 16.CUSTOM MACRO 


Structure of Dl 


Q'6 2" 98 gt Q" g'0 29 98 2° 26 2 24 23 2? 2! 2° 


Shh te ee 


Used for other Sign 
purposes 


Structure of DO 


Not used Used for other purposes Address 
<1> Address switching signed BCD 3 digits are read. 


Macro calling instruction 
G65 P9100 D (address); 


A custom macro body is created as follows. 


09100 ; 

#1132 = #1132 AND 496 OR#7; : Address sending 

G65 P9101 T60 ; : Timer macro 

#100 = BIN[#1032 AND 4095]; +: BCD 3 digits are read. 
IF [#1012 EQ 0]GOTO 9100; : Asignis attached. 
#100 = -#100 

N9100 M99 


<2> Eight types of address switching signed BCD 6 digits (3-digit 
integer part + 3-digit fractional part) are read into #101. 


Structure on the machine side 
When DO 2° = 0: Data with 3 decimal places 
When DO 2° = 1: Data with 3-digit integer part 
When DO 2° to 2'= 000: No1 data when #1 = 0 
When DO 2° to 2'=001: No2 data when #2 = 0 


When DO 2° to 2'= 111: No8 data when #8 = 0 


Macro calling instruction 
G65 P9101  D (data number); 


A custom macro body is created as follows. 
09101 ; 
G65 P9101 D[#1*2+1] ; 
#101=#100 ; 
G65 P9100 D[#1*2] ; 
#101 = #101 + #100/1000 ; 
Mg9 ; 
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- Tool compensation value #2001 -#2800, #10001 -#13999 (Attribute: R/W) 


The compensation values can be obtained by reading system variables 
#2001 to #2800 or #10001 to #13999 for tool compensation. The 
compensation values can also be changed by assigning values to the 
system variables. 


<1> Tool compensation memory A 
e When the number of compensations is 200 or less 


Compensation 


Variable number Variable name 
number 


[#_OFS[1]] 
[#_OFS[2]] 











[#_OFS[3]] 





[# OF S[199] 
[#_OFS[200]] 














e When the number of compensations is more than 200 (For 
compensation with a compensation number of 200 or less, 
#2001 to #2200 can also be used.) 


Cofppensation Variable number Variable name 
number 
#10001 [#_OFS[1]] 
#10002 [#_OFS[2]] 


#10003 [#_OFS[3]] 














#10998 [#_OFS[998]] 
#10999 [# OFS[999]] 














<2> Tool compensation memory B 
e When the number of compensations is 200 or less 
When parameter V15 (No.6000#3) = 0 


: Wear Geometry 
Compensation ; ; 
Variable : Variable F 
number Variable name Variable name 
number number 
[#_OFSW[1]] #2201 [#_OFSG[1]] 
[#_OFSW[2]] #2202 [#_OFSG[2]] 
[#_OFSW{[3]] #2203 [#_OFSG[3]] 

















[#_ OF SW[199] #2399 i#_ OFSGi199] 
[# OFSW/[200]] |#2400 [# OFSG[200]] 
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When parameter V15 (No.6000#3) = 1 


Compensation 
number 


Wear 


Geometry 





Variable 
number 


Variable name 


[#_OFSW/[1]] 


Variable 
number 
#2001 


Variable name 


[#_OFSG[1]] 





[#_OFSW/[2]] 


#2002 


[#_OFSG[2]] 








[#_OFSW{3]] 


#2003 


[#_OFSG[3]] 





[# OF SWI 99]] 


#2199 


(# OFSGI1 99] 











[# OFSW/[200]] 





#2200 





[#_OFSG[200]] 





e When the number of compensations is more than 200 (For 
compensation with a compensation number of 200 or less, 
#2001 to #2400 can also be used.) 
When parameter V15 (No.6000#3) = 0 


Compensation 
number 


Geometry 


Wear 





Variable 
number 


#11001 


Variable name 


[#_OFSG/[1]] 


Variable 
number 
#10001 


Variable name 


[#_OFSW/1]] 





#11002 


[#_OFSG[2]] 


#10002 


[#_OFSW[2]] 





#11003 


[#_OFSGJ[3]] 


#10003 


[#_OFSWJ3]] 








#11998 


# OFSG[998]] 


#10998 


# OFSWI998]] 





When parameter V15 (No.6000#3) 


Compensation 
number 





#11999 





[# OFSG[999]] 


Geometry 





#10999 


II 
— 








[# OFSWI999]] 


Wear 





Variable 
number 


#10001 


Variable name 


[#_OFSG/1]] 


Variable 
number 
#11001 


Variable name 


[#_OFSW[1]] 





#10002 


[#_OFSG[2]] 


#11002 


[#_OFSW/[2]] 





#10003 


[#_OFSGJ3]] 


#11003 


[#_OFSWJ3]] 








#10998 


# OFSG[998]] 


#11998 


[#_ OF SWI998] 








#10999 





[# OFSG[999]] 


<3> Tool offset memory C 
e When the number of compensations is 200 or less 
When parameter V15 (No.6000#3) = 0 


H code 





#11999 








[# OFSWI999]] 





Compensation 
number 


Geometry 


Wear 





Variable 
number 


Variable name 


[#_OFSHG[1]] 


Variable 
number 
#2001 


Variable name 


[#_OFSHW/[1]] 





[#_ OFSHG[2]] 


#2002 


[#_OFSHW([2]] 








[#_OFSHG[3]] 


#2003 


[#_OFSHW{3]] 





#_ OFSHG[199] 


#2199 


i OFSHW[T 99]] 
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[#_OFSHG[200]] 





#2200 





[#_ OFSHW/[200]] 
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Compensation 
number 


Geometry 


Wear 





Variable 
number 


Variable name 


[# OFSHG[1]] 


Variable 
number 


Variable name 


[#_OFSHW[1]] 





[#_ OFSHG[2]] 


[#_OFSHW[2]] 








[# OFSHG[3]] 


[#_OFSHWJ3]] 





[#_ OF SHG[199] 


f#_ OFSHW[1 99]] 








[#_OFSHG[200]] 


D code 





[# OFSHW/[200]] 





Compensation 
number 


Geometry 


Wear 





Variable 
number 


Variable name 


[#_ OFSDG[1]] 


Variable 
number 


Variable name 


[#_OFSDW[1]] 





[# OFSDG[2]] 


[#_OFSDW[2]] 








[#_OFSDG[3]] 


[#_OFSDW{3]] 





# OFSDG[199] 


i#_ OFSDWI1 99] 











[# OFSDG[200]] 








[#_OFSDW/[200]] 


When #2401 to #2800 are used for reading or 
writing of D codes, parameter D15 (No.6004#5) 
must be set to 1. 
When parameter D15 (No.6004#5) is set to 1, 
system variables #2500 to #2806 for workpiece 
origin offset cannot be used. Use system variables 
#5201 to #5324. 





e When the number of compensations is more than 200 (For 
compensation with a compensation number of 200 or less, 


#2001 to #2800 can also be used.) 


When parameter V15 (No.6000#3) = 0 


H code 





Compensation 
number 


Geometry 


Wear 





Variable 
number 
#11001 


Variable name 


[#_OFSHG[1]] 


Variable 
number 
#10001 


Variable name 


[#_OFSHW/[1]] 





#11002 


[# OFSHG/2]] 


#10002 


[#_OFSHW/[2]] 








#11003 


[#_OFSHGJ3]] 


#10003 


[#_OFSHWJ[3]] 





#11998 


(# OFSHGI998]] 


#10998 


[#_ OFSHWI998) 








#11999 
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[#_OFSHG[999]] 





#10999 








[#_OFSHW/[999]] 
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Compensation 
number 


Geometry 


Wear 





Variable 
number 
#13001 


Variable name 


[#_ OFSDGI1]] 


#12001 


Variable 
number 


Variable name 


[#_ OFSDWI1]] 





#13002 


[# OFSDGI2]] 


#12002 


[# OFSDWI2]] 





#13003 


[4 OFSDGI3I] 


#12003 


[# OFSDWI3I 








#13998 


if OFSDGI998]] 


#12998 


i#_OFSDWI99 
8] 








#13999 


[#_OFSDG[999]] 





#12999 





When parameter V15 (No.6000#3) = 1 


H code 


[#_OFSDWI99 
9] 











Compensation 
number 


Geometry 


Wear 





Variable 
number 
#10001 


Variable name 


[# OFSHG[1]] 


Variable 
number 
#11001 


Variable name 


[#_OFSHW[1]] 





#10002 


[# OFSHG[2]] 


#11002 


[#_OFSHW[2]] 








#10003 


[#_ OFSHG[3]] 


#11003 


[#_OFSHW{3]] 





#10998 


# OFSHGI998] 


#11998 


i OFSHW/998]] 





#10999 





[#_ OFSHG[999]] 


D code 


#11999 





[#_OFSHW([999]] 





Compensation 
number 


Geometry 


Wear 





Variable 
number 
#12001 


Variable name 


[#_ OFSDG[1]] 


Variable 
number 
#13001 


Variable name 


[#_OFSDW[1]] 





#12002 


[# OFSDG[2]] 


#13002 


[#_OFSDW[2]] 





[#_OFSDW{3]] 





#12003 


[#_ OFSDG[3]] 


#13003 





#12998 


i#_ OF SDG[998] 


#13998 


[#_OFSDW([998]] 








#12999 
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[#_OFSDG[999]] 





#13999 








[# OFSDW([999]] 
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- Tool compensation value #2001 -#2964, #10001-#19999 (Attribute: R/W) 


The compensation values can be obtained by reading system variables 
#2001 to #2964 or #10001 to #19999 for tool compensation. The 
compensation values can also be changed by assigning values to the 
system variables. 


<1> Without tool geometry/wear compensation memory 
e When the number of compensations is 64 or less 


Compensation | Variable 


Variable name Description 
number number 

[#_OFSX[1]] 
[#_OFSX[2]] 
[#_OFSX[3]] X-axis compensation value 


(*1) 

















[#_OFSX[63]] 
[#_OFSX[64]] 
[#_OFSZ[1]] 
[#_OFSZ[2]] 
[#_OFSZ[3]] Z-axis compensation value 


(*1) 














[#_OFSZ[63]] 
[#_OFSZ[64]] 
[#_OFSR[1]] 
[#_OFSR[2]] 
[#_OFSRJ3]] Tool nose radius 

: compensation value 

















[#_ OFSRI63I] 
[#_ OFSRI64]I 
[# OFSTI1]] 
[# OFSTI2]] 
[# OFSTI3I] 














Virtual tool tipT position 





[#_OFST[63]] 
[#_OFST[64]] 
[#_OFSY[1]] 
[#_OFSY[2]] 
[#_OFSY{[3]] Y-axis compensation value 


(*1) 

















[#_OFSY[48]] 

[# OFSY[49]] 

(*1) X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic three 
axes, Y-axis: Y-axis of basic three axes 
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e When the number of compensations is more than 64 (For 
compensation with a compensation number of 64 or less, 
#2001 to #2449 can also be used.) 


Compensation | Variable 

number number 

#10001 [#_OFSX[1]] 

#10002 [#_OFSX[2]] 

#10003 [#_OFSX[3]] X-axis compensation value 
; (*1) 


Variable name Description 














#10998 [#_OFSX[998]] 

#10999 [#_OFSX[999]] 

#11001 [#_OFSZ[1]] 

#11002 [#_OFSZ[2]] 

#11003 [#_OFSZ[3]] Z-axis compensation value 
(*1) 

















#11998 [#_OFSZ[998]] 
#11999 [#_OFSZ[999]] 
#12001 [#_OFSR[1]] 
#12002 [#_OFSR[2]] 
#12003 [#_OFSRJ3]] Tool nose radius 

: : compensation value 














#12998 _|[# OFSR[998]] 
#12999 _|[# OFSRI999]] 
#13001 _|[#_OFSTI1]] 
#13002 _|[# OFSTI2]] 
#13003 _|[#_OFSTI3]] 














Virtual tool tip T position 





#13998 [#_OFST[998]] 

#13999 [# OFST[999]] 

#14001 [#_OFSY[1]] 

#14002 [#_OFSY[2]] 

#14003 [#_OFSY{[3]] Y-axis compensation value 
(*1) 

















#14998 [#_OFSY[998]] 

#14999 _|[# OFSY[9991] 

(*1) X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic three 
axes, Y-axis: Y-axis of basic three axes 
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<2> With tool geometry/wear compensation memory 
e When the number of compensations is 64 or less 



































































































































Compensation | Variable ‘ 
Variable name 
number number 
[#_OFSXW/[1]] 
[#_OFSXW/[2]] 
[#_OFSXWI3]] 
[# OFSXWI[63]] 
[# OFSXW([64]] 
1 #2101 [#_OFSZW[1]] 
2 #2102 [#_OFSZW[2]] 
3 #2103 [#_OFSZW{[3]] 
63 #2163 [#_OFSZWJ[63]] 
64 #2164 # OFSZW[64]] 
1 #2201 [#_OFSRW[1]] 
2 #2202 [#_OFSRW [2]] 
3 #2203 [# OFSRW [3]] 
63 #2263 [#_OFSRW [63]] 
64 #2264 [# OFSRW [64]] 
1 #2301 [#_OFST[1]] 
2 #2302 [#_OFST[2]] 
3 #2303 [#_OFST[3]] 
63 #2363 [#_OFST[63]] 
64 #2364 [# OFST[64]] 
1 #2401 [# OFSYW[1]] 
2 #2402 [#_OFSYW [2]] 
3 #2403 [#_OFSYW [3]] 
48 #2448 [#_ OFSYW [48]] 
49 #2449 [# OFSYW [49]] 
1 #2451 [#_OFSYG[1]] 
2 #2452 [#_OFSYG [2]] 
3 #2453 [#_OFSYG [3]] 
48 #2498 [#_OFSYG [48]] 
49 #2499 [#_OFSYG [49]] 
1 #2701 [#_OFSXG[1]] 
2 #2702 [#_OFSXG[2]] 
3 #2703 [#_OFSXG [3]] 
48 #2748 [#_OFSXG [48]] 
49 #2749 [#_OFSXG [49]] 
1 #2801 [#_OFSZG[1]] 
2 #2802 [#_OFSZG[2]] 
3 #2803 [#_OFSZG[3]] 
48 #2848 [#_OFSZG[48]] 
49 #2849 [#_OFSZG[49]] 
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Description 


X-axis compensation value 
(wear) (*1) 


Z-axis compensation value 
(wear) (*1) 


Tool nose radius 
compensation value (wear) 


Virtual tool tip T position 


Y-axis compensation value 
(wear) (*1) 


Y-axis compensation value 
(geometry) (*1) 


X-axis compensation value 
(geometry) (*1) 


Z-axis compensation value 
(geometry) (*1) 


B-63944EN/02 


Compensation 
number 


PROGRAMMING 


Variable 
number 


Variable name 


[#_OFSRG[1]] 


16.CUSTOM MACRO 


Description 





[#_ OFSRG2]] 





[#_ OFSRGI3II 


Tool nose radius 





compensation value 





if OFSRGI63] 


(geometry) 





#19001 


[#_ OFSRG[64]] 
[#_ OFSYG[1]] 





#19002 


[#_OFSYG[2]] 





#19003 


[#_OFSYGJ3]] 


Y-axis compensation value 





(geometry) (*1) 





#19998 


if OFSYGI998] 








#19999 





[#_ OFSYGI999]] 








(*1) X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic three 


axes, Y-axis: Y-axis of basic three axes 


e When the number of compensations is more than 64 (For 
compensation with a compensation number of 64 or less, 
#2001 to #2964 or #10001 to #19999 can also be used.) 


Compensation 
number 


Variable 
number 
#10001 


Variable name 


[# OFSXWI1]] 


Description 





#10002 


[# OFSXWI2II 





X-axis compensation value 





#10003 


[# OFSXWIB3II 


(wear) (*1) 





#10998 


(# OF SXWi998]] 





#10999 
#11001 


[# OFSXWI999]] 
[#_OFSZW[1]] 





#11002 


[# OFSZWI2II 





Z-axis compensation value 





#11003 


[#_OFSZW{3]] 


(wear) (*1) 





#11998 


# OFSZWI998]] 





#11999 
#12001 


[# OFSZWI999]] 
[#_ OFSRWI1]] 





#12002 


[# OFSRW [21] 





Tool nose radius 





#12003 


[#_OFSRW [3]] 


compensation value (wear) 





#12998 


if OFSRW [998] 





#12999 
#13001 


[# OFSRW [999] 
[# OFSTI1]] 





#13002 


[#_OFST[2]] 








#13003 


[#_OFST[3]] 


Virtual tool tip T position 





#13998 


# OFST[998]] 





#13999 
#14001 


[# OFST[999]] 
[#_ OFSYWI1]] 





#14002 


[#_ OFSYW [2] 





Y-axis compensation value 





#14003 


[#_OFSYW [3] 


(wear) (*1) 





#14998 


i OFSYW [998]] 








#14999 
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[#_OFSYW [999] 
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Compensation | Variable 

number number 

#15001 [#_OFSXG[1]] 

#15002 [#_OFSXG[2]] 

#15003 [#_OFSXG [3]] X-axis compensation value 
: : (geometry) (*1) 


Variable name Description 














#15998 [#_OFSXG [998]] 

#15999 [#_OFSXG [999]] 

#16001 [#_OFSZG[1]] 

#16002 [#_OFSZG[2]] 

#16003 [#_OFSZG[3]] Z-axis compensation value 
: : (geometry) (*1) 

















#16998 _|[# OFSZG[998]] 
#16999 _|[# OFSZG[999]] 
#17001 _|[# OFSRG[1]] 
#17002 _|[# OFSRG[2]] 
#17003 _|[# OFSRG[3]] 











Tool nose radius 
compensation value 
(geometry) 








#17998 [#_OFSRG[998]] 

#17999 [#_OFSRG[999]] 

#19001 [#_OFSYG[1]] 

#19002 [#_OFSYG[2]] 

#19003 [#_OFSYG[3]] Y-axis compensation value 
: : (geometry) (*1) 

















#19998 _|[# OFSYG[998]] 

#19999 [#_OFSYG[999]] 

(*1) X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic three 
axes, Y-axis: Y-axis of basic three axes 

















- Alarm #3000 (Attribute: W) 


When an error is detected in a macro, an unit can enter the alarm state. 
In addition, an alarm message of up to 26 characters can be specified 
between a control-out and a control-in after the expression. When an 
alarm message is not specified, a macro alarm is used instead. 


Variabl 
number 


#3000 [# ALM] 





When parameter MCA (No.6008#1) = 0 
#3000 =n (ALARM MESSAGE); (n: 0-200) 
On the screen, the alarm number obtained by adding the value of 
#3000 to 3000 and alarm message appear. 
(Example) #3000 = 1 (ALARM MESSAGE); 
— "3001 ALARM MESSAGE" appears on the alarm 
screen. 
Parameter MCA (No.6008#1) = 1 
#3000 = n (ALARM MESSAGE); (n: 0-4095) 
On the screen, the alarm number of #3000 and alarm message 
appear after MC. 
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(Example) #3000=1 (ALARM MESSAGE); 
— "MC0001 ALARM MESSAGE" appears on the alarm 
screen. 


- Clock #3001, #3002 (Attribute: R/W) 


The clock time can be obtained by reading system variables #3001 
and #3002 for clocks. The time can be preset by entering a value in 
the system variables. 


Variable | Variable Count 
At power-on 
number name condition 


[#_CLOCK1] Reset to 0 Anytime 
Same as at When the STL 
power-down signal is on 





[#_CLOCK2]| 1 hour 





The clock accuracy is 16 ms. Clock 1 returns to 0 after a lapse of 
2147483648 ms. Clock 2 returns to 0 after a lapse of 9544.37176 
hours. 


[Example] 
Timer 
Macro calling command 
G65 P9101 T (wait time) ms ; 
A macro is created as follows. 
09101; 
#3001 = 0: Initial setting 
WHILE [#3001 LE #20] DO1: Wait for a specified time 
END1 ; 
Mg9 ; 
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- Controlling of single block stop and waiting for the auxiliary function completion 
signal #3003 (Attribute: R/W) 


Assigning the following values in system variable #3003 allows the 
specification of whether single block stop is disabled in the following 
blocks or whether a wait for the completion signal (FIN) of the 
auxiliary function (M, S, T, or B) before going to the next block is 
enabled. When a wait for completion signal is disabled, the 
distribution end signal (DEN) is not sent. Be careful not to specify 
the next auxiliary function without waiting for the completion signal. 


Variable number and 
variable name 


Auxiliary function 
completion signal 
Enabled Waiting 
#3003 Disabled Waiting 
[#_CNTL1] Enabled Not waiting 
Disabled Not waiting 


Single block stop 























In addition, the following variable names can be used to enable or 
disable single block stop and a wait for the auxiliary function 
completion signal, individually. 


Auxiliary function 


Variable name 


[#_M_SBK] 


Single block stop 
Enabled 


completion 





Disabled 





[#_M_FIN] 


Waiting 

















- Not waiting 


[Example] 
Drill cycle (for incremental programming) 
(G81 equivalent) 
Macro calling command 
G65 P9081 L Iterations R R point Z Z point; 
A custom macro body is created as follows. 
09081 ; 
#3003 = 1; 
G00 Z#18 ; 
G01 Z#26 ; ; ; 
G00 Z-[ ROUND[#18] + ROUND/#26]]; | #18" corresponds fo R and 
#3003 = 0: #26 to Z. 
Mg9 ; 


NOTE 
#3003 is cleared by a reset. 
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- Enabling of feed hold, feedrate override, and exact stop check #3004 
(Attribute: R/W) 
Assigning the following values in system variable #3004 allows the 
specification of whether feed hold and feedrate override are enabled in 
the following blocks or whether exact stop in G61 mode or by G09 
command is disabled. 
Variable number and Feedrate 


variable name Field hold override | PXact stop 


Enabled Enabled Enabled 
Disabled Enabled Enabled 
Enabled Disabled Enabled 











#3004 Disabled Disabled Enabled 
[#_CNTL2] Enabled Enabled Disabled 
Disabled Enabled Disabled 
Enabled Disabled Disabled 
Disabled Disabled Disabled 
In addition, the following variable names can be used to enable or 
disable feed hold, feedrate override, and exact stop in G61 mode or by 
the GO9 command, individually. 

Variable number and Feed hold Feedrate Exact stop 
variable name override 
Enabled - 
Disabled - 
Enabled 
Disabled 

- Enabled 
- Disabled 





























[#_M_FHD] 








[#_M_OV] 








[4 M_EST] 














NOTE 

1 These system variables are provided to maintain 
compatibility with conventional NC programs. It is 
recommended that functions provided by G63, G09, 
G61, and other G codes be used to enable or 
disable feed hold, feedrate override, and exact stop. 

2 When the feed hold button is pressed during 


execution of a block for which feed hold is disabled: 


<1> Ifthe feed hold button is kept pressed, 
operation stops after execution of the block. 
When single block stop is disabled, however, 
operation does not stop. 
If the pressed feed hold button is released, the 
feed hold lamp lights, but operation does not 
stop until the end of the first block that was 
enabled. 

3 #8004 is cleared by a reset. 

4 If exact stop is disabled by #3004, the original exact 
stop position between cutting feed and positioning 
block is not affected. #3004 can temporarily 
disabled exact stop in G61 mode or by the G09 
command between cutting feed and cutting feed. 
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- Settings #3005 (Attribute: R/W) 


Settings can be read and written. 
Binary values are converted to decimals. 


#9 #8 
Setting FCV 
#5 #2 #1 #0 
Setting SEQ INI ISO TVC 









































#9 (FCV): Whether to use the FANUC Series 15 program format 
conversion capability 

#5 (SEQ): Whether to automatically insert sequence numbers 

#2 (INI) : Millimeter input or inch input 

#1 (ISO) : Whether to use EIA or ISO as the output code 

#0 (TVC): Whether to make a TV check 





- Stop with a message #3006 (Attribute: W) 


When "#3006=1 (MESSAGE);" is commanded in the macro, the 
program executes blocks up to the immediately previous one and then 
stops. When a message of up to 26 characters, which is enclosed by 
a control-in character and control-out character, is programmed in the 
same block, the message is displayed on the external operator message 
screen. 


Variable number 
#3006 [#_MSGSTP] Stop with a message 


- Status of a mirror image #3007 (Attribute: R) 


The status of an mirror image (setting or DI) at that point in time can 
be obtained for each axis by reading #3007. 


Variable number 
#3007 [#_MRIMG] Status of a mirror image 


When the status is indicated in binary, each bit corresponds with an 
axis as follows. 


Bit | 31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16 
nth axis} 32 | 31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 


Bit 15|14/13/12;11/10|}9;|8/;7}6;,5;4},3/]2 {1 
nth axis} 16 |15|14/13)/12}11/;10]9|8/]7|6/,5]4 43] 2 
For the 32 bits, 0 indicates that a mirror image is disabled and 1 
indicates that a mirror image is enabled. 


[Example] When #3007 is 3, a mirror image is enabled for the 1st and 2nd 
axes. 





oO 





= 
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NOTE 

1 The status of a programmable mirror image is not 
reflected on this variable. 

2 When the mirror image function is set for the same 
axis by the mirror image signal and setting, the 


signal value and setting value are ORed and then 
output. 

When mirror image signals for axes other than the 
controlled axes are turned on, they are not read 
into system variable #3007. 





- Status during restart of a program #3008 (Attribute: R) 
Whether a program is restarting can be determined by reading #3008. 


Variable number 





#3008 [#_PRSTR] 0: Program is not restarting. 
1: Program is restarting. 


- Time #3011, #3012 (Attribute: R) 


Year/month/date and hour/minute/second can be obtained by reading 
system variables #3011 and #3012. This variable is read-only. To 
change year/month/date and hour/minute/second, use the timer screen. 


[Example] May 20, 2004, PM 04:17:05 
#3011 = 20040520 
#3012 = 161705 


- Total number of parts and the number of required parts #3901 and #3902 
(Attribute: R/W) 

The number of required parts and the number of machined parts can 
be displayed on the screen by using the operation time and part 
number displaying function. When the (total) number of machined 
parts reaches the number of required parts, a signal indicating the fact 
is sent to the machine (PMC side). 

The system variables can be used to read or write the total number of 
parts and the number of required parts. 


Variable number 


#3901 [#_PRTSA] Total number of parts 
#3902 [#_PRTSN] Number of required parts 
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- Type of tool compensation memory #3980 (Attribute: R) 


System variable #3980 can be used to read the type of compensation 
memory. 


Variable number 





#3980 [#_OFSMEM] Types of tool compensation memory 
0: Tool compensation memory A 
1: Tool compensation memory B 
2: Tool compensation memory C 


- Main program number #4000 (Attribute: R) 
System variable #4000 can be used to read the main program number 
regardless of the level of a subprogram. 


Variable number 
#4000 [# MAINO] Main program number 


NOTE 

1 The main program number indicates the number of 
the program that is first started. 

2 When an O number is specified by MDI during 
execution of the main program or when the second 


O number is specified in DNC mode, the value of 
#4000 changes to the specified O number. In 
addition, when no programs are registered or when 
no O numbers are specified in DNC mode, the 
value of #4000 changes to 0. 
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- Modal information #4001-#4130, #4201-#4330, #4401-#4530 (Attribute: R) 


The modal information specified before the previous block of the 
macro statement that reads system variables #4001 to #4130 can be 
obtained in the block currently being looked ahead, by reading system 
variables #4001 to #4130. 

The modal information of the block currently being executed can be 
obtained by reading system variables #4201 to #4330. 

The modal information specified before the block interrupted by an 
interruption type custom macro by reading system variables #4401 to 
#4530. 

The unit used when it was specified is applied. 


(Category: <l> Previous block, <2> Running block, <3> 
Interrupted block) 


Variable Variable 
number name 

[#_BUFG[1]] 
[#_ACTG[1]] |Modal information (G code: group 1) 
[#_INTG[1]] 
[#_BUFG[2]] 
[#_ACTG[2]] |Modal information (G code: group 2) 
[#_INTG[2]] 


Category Description 











# BUFG[3O]] 
# ACTG[30]] 


Modal information 
[#_INTG[30]] 

[ 

[ 


(G code: group 30) 





#_BUFB] 
#_ACTB] Modal information (B code) 
[#_INTB] 

[#_BUFD] 
[#_ACTD] Modal information (D code) 
[#_INTD] 

[#_BUFE] 
[#_ACTE] Modal information (E code) 
[#_INTE] 

[#_BUFF] 
#_ACTF] Modal information (F code) 
#_INTF] 

#_BUFH] 
#_ACTH] Modal information (H code) 
[#_INTH] 

[#_BUFM] 
[#_ACTM] Modal information (M code) 
[#_INTM] 
[#_BUFN] 
[#_ACTN] 
[#_INTN] 

[#_BUFO] 
[#_ACTO] 
[#_INTO] 




















Modal information 
(sequence number N) 





Modal information 
(program number O) 
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Category 


Variable 
number 


PROGRAMMING 


Variable 
name 
[#_BUFS] 
[#_ACTS] 
[#_INTS] 


B-63944EN/02 


Description 


Modal information (S code) 





[# BUFT] 
[#_ACTT] 
[# INTT] 


Modal information (T code) 





(Category: 





<|> 


Interrupted block) 


Category 


Variable 
number 





[4 BUFWZP] 
[# ACTWZP] 
[# INTWZP] 





Previous block, <2> 


Variable 
name 
[#_BUFG[1]] 
[#_ACTG[1]] 
[#_INTG[1]] 





Modal information 
(additional workpiece coordinate 
system number P) 


Running block, <3> 


Description 


Modal information (G code: group 1) 





[# BUFG[2]] 
[#_ACTGI2]] 


Modal information (G code: group 2) 





[# INTG[2]] 





[# BUFG[0] 
[# ACTG[30]] 
[#_INTG[30]] 


Modal information 
(G code: group 30) 





[#_BUFE] 
[# ACTE] 
[#_INTE] 


Modal information (E code) 





[#_ BUFF] 
[# ACTF] 
[#_INTF] 


Modal information (F code) 





[#_ BUFM] 
[# ACTM] 
[#_INTM] 


Modal information (M code) 





[#_BUFN] 
[# ACTN] 
[#_INTN] 


Modal information 
(sequence number N) 





[#_ BUFO] 
[# ACTO] 
[#_INTO] 


Modal information 
(program number O) 





[#_BUFS] 
[# ACTS] 
[#_INTS] 


Modal information (S code) 





[#_BUFT] 
[# ACTT] 
[#_INTT] 


Modal information (T code) 
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[4 BUFWZP] 
[# ACTWZP] 
[# INTWZP] 





Modal information 
(additional workpiece coordinate 
system number P) 





B-63944EN/02 PROGRAMMING 16.CUSTOM MACRO 


NOTE 

1 Previous block and running block 
Since the CNC reads the block that is ahead of the 
block currently being executed by the machining 
program, the block being retrieved by the CNC is 
normally different from that currently being 


executed. The previous block indicates the block 
that is ahead of the block being retrieved by the 
CNC, that is, the block that is ahead of the program 
block in which #4001 to #4130 are specified. 

When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 





[Example] 01234; 
N10 GOO X200. Y200. ; 
N20 G01 X1000. Y1000. F10. ; 


N50 GOO X500. Y500. ; 

N60 #1 = #4001 ; 
Assume that the CNC is currently executing N20. If the CNC retrieved and 
processed the blocks up to N60 as shown above, the running block is N20 and 
the previous block is N50. Therefore, group 1 modal information in the 
running block is G01 and group 1 modal information in the previous block is 
GOO. 
When N60 #1 = #4201, #1 = 1. 
When N60 #1 = #4001, #1 = 0. 
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- Position information #5001 -#5080, #100001-#100200 (Attribute: R) 
The end position of the previous block, the specified current position 
(for the machine coordinate system and workpiece coordinate system), 
and the skip signal position can be obtained by reading the values of 
system variables #5001 to #5080 or #100001 to -#100200. 


Variable 
number 





Variable name 


[#_ABSIO[1]] 
[#_ABSIO[2]] 


[#_ABSIO[1]] 
[#_ABSIO[2]] 


[# ABSIOT[SO]] 
[#_ ABSMT[1]] 
[#_ABSMT[2]] 


[#_ABSMT[1]] 
[#_ ABSMT[2]] 


[# ABSMT[5O]] 
[#_ABSOT[1]] 
[#_ABSOT[2]] 


[#_ABSOT[1]] 
[#_ ABSOT[2]] 


[# ABSOTISO]] 
[#_ABSKP[1]] 
[#_ABSKP[2]] 


[#_ABSKP[1] 
[#_ABSKP[2]] 


[# ABSKPI50]] 





Position information 


1st axis block end point position 
2nd axis block end point position 


1st axis block end point position 
2nd axis block end point position 


20th axis block end point position 
1st axis current position 
2nd axis current position 


1st axis current position 
2nd axis current position 


50th axis current position 
1st axis current position 
2nd axis current position 


1st axis current position 
2nd axis current position 
50th axis current position 


1st axis skip position 
2nd axis skip position 


1st axis skip position 
2nd axis skip position 


50th axis skip position 





Coordinate 
system 


Workpiece 
coordinate 
system 


Machine 
coordinate 
system 


Workpiece 
coordinate 
system 


Workpiece 
coordinate 
system 





Tool position/tool 
length/cutter 
compensation 


Not included 


Included 


Included 


Included 





B-63944EN/02 


Reading 
operation during 
movement 


Enabled 


Disabled 


Disabled 


Enabled 


When variables exceeding the number of control axes are specified, the alarm 


(PS0115) “VARIABLE NO. OUT OF RANGE” occurs. 


The position information for 20th or earlier axis can be used with #5001 to #5080. 
The block end point position (ABSIO) of the skip (G31) is the position where the 

skip signal is turned on. If the skip signal is not turned on, the position is the end 
position of the block. 
"Read operation during movement is disabled" means that the accurate reading of 


values during movement is not guaranteed. 
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- Tool length compensation value #5081 -#5100, #100201-#100250 (Attribute: R) 


Tool length compensation in the block currently being executed can 
be obtained for each axis by reading system variables #5081 to #5100 
or #100201 to #100250. 


Read operation 
Position information during 
movement 


Variable Variable 
number name 


[#_TOFS[1]] | 1st axis tool length compensation value 
[#_TOFS[2]] 2nd axis tool length compensation value 


_|[#_TOFS[20]] | 20th axis tool length compensation value Disabled 
[#_TOFS[1]] | 1st axis tool length compensation value 


[#_TOFS[2]] 2nd axis tool length compensation value 











[#_TOFS[50]] |50th axis tool length compensation value 


NOTE 

1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 

2 The tool length compensation for 20th or earlier 
axis can be used with #5081 to #5100. 
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- Tool offset #5081-#5083, #5121-#5123 (Attribute: R) 


Tool offset in the block currently being executed can be obtained for 
each axis by reading system variables #5081 to #5083 or #5121 to 
#5123. (X-axis: X-axis of basic three axes, Z-axis: Z-axis of basic 
three axes, Y-axis: Y-axis of basic three axes) 


<1> Without tool geometry/wear compensation memory 


Read operation 
Position information during 
movement 


Variable Variable 
number name 


[#_TOFSWX] |X-axis tool offset value 
[#_TOFSWZ] |Z-axis tool offset value Disabled 
[#_TOFSWY] |Y-axis tool offset value 





<2> With tool geometry/wear compensation memory 


Read operation 
Position information during 
movement 


Variable Variable 
number name 


[#_TOFSWX] |X-axis tool offset value 
[#_TOFSWZ] |Z-axis tool offset value 
[# TOFSWY] |Y-axis tool offset value 
[#_TOFSGX] |X-axis tool offset value (geometry) 
[#_TOFSGZ] |Z-axis tool offset value (geometry) 
[# TOFSGY] | Y-axis tool offset value (geometry) 





Disabled 














When tool geometry/wear compensation memory exists, the system 
variable values vary as follows depending on parameter LWT 
(No.5002#2) and parameter LGT (No.5002#4). 


Variable 
number 


Wear 0 Wear Wear 
compensation compensation |compensation 





Wear 
Geometry compensation + |Geometry Geometry 

compensation |Geometry compensation |compensation 
compensation 














1 The set value is read as the tool offset regardless 
of parameters ORC (No.5004#1) and OWD 
(No.5040#0). 

2 Toread the tool offset (geometry) using #5121 to 
#5123, set parameter VHD (No.6004#2) to 0. 





- 398 - 


B-63944EN/02 PROGRAMMING 16.CUSTOM MACRO 


- Servo position deviation #5101-#5120, #100251-#100300 (Attribute: R) 
The servo position deviation for each axis can be obtained by reading 
system variables #5101 to #5120 or #100251 to #100300. 


Read operation 
Variable name Position information during 
movement 


Variable 
number 


[#_SVERR[1]] | 1st axis servo position deviation 
[#_SVERR[2]] |2nd axis servo position deviation 


20th axis servo position deviation 
[#_SVERR[1]] | 1st axis servo position deviation 
[#_SVERR[2]] |2nd axis servo position deviation 


Disabled 











[# SVERR[50]] |50th axis servo position deviation 


NOTE 

1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 

2 The servo position deviation for 20th or earlier axis 
can be used with #5101 to #5120. 





- Manual handle interruption #5121 -#5140, #100651-#100700 (Attribute: R) 
The manual handle interruption for each axis can be obtained by 
reading system variables #5121 to #5140 or #100651 to #100700. 


Read operation 
Position information during 
movement 


Variable Variable 
number name 


[#_MIRTP[1]] | 1st axis manual handle interruption 
[#_MIRTP[2]] |2nd axis manual handle interruption 


: : : Disabled 
[#_MIRTP[1]] | 1st axis manual handle interruption 


[#_MIRTP[2]] |2nd axis manual handle interruption 











[# MIRTP[50]] |50th axis manual handle interruption 


NOTE 

1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 

2 The manual handle interruption for 20th or earlier 
axis can be used with #5121 to #5140. 





NOTE 


#5121 to #5140 are enabled only when parameter 
VHD (No.6004#2) is set to 1. 
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- Distance to go #5181-#5200, #100801-#100850 (Attribute: R) 
The distance to go value for each axis can be obtained by reading 
system variables #5181 to #5200 or #100801 to #100850. 


Variable : bie se . Read operation 
Variable name Position information ‘ 
number during movement 


[#_DIST[1]] 1st axis distance to go value 
[#_DIST[2]] 2nd axis distance to go value 


Disabled 


[#_DIST[1]] 1st axis distance to go value 
[#_DIST[2]] 2nd axis distance to go value 











[#_DIST[50]] 50th axis distance to go value 


NOTE 

1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 

2 The distance to go values for 20th or earlier axis 
can be used with #5181 to #5200. 





- Workpiece coordinate system shift value #2501, #2601 (Attribute: R/W) 


The X-axis workpiece coordinate system shift value can be obtained 
by system variable #2501 while Z-axis workpiece coordinate system 
shift value by system variable #2601. The X-axis or Z-axis 
workpiece coordinate system shift value can be changed by assigning 
values to the system variables. (X-axis: X-axis of basic three axes, 
Z-axis: Z-axis of basic three axes, Y-axis: Y-axis of basic three axes) 


Variable number 


#2501 [#_WZ_SFTX] X-axis workpiece shift value 
#2601 [#_WZ_SHTZ] Z-axis workpiece shift value 
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- Workpiece origin offset value #5201-#5340, #100301-#100650 (Attribute: R/W) 


The workpiece origin offset value can be obtained by reading system 
variables #5201 to #5340 or #100301 to #100650. The offset value 


Variable 
number 

#5201 

#5202 


#5220 


can also be changed by assigning values to the system variables. 


Variable name 


[#_WZCMNI1]] 
[# WZCMN/2]] 


i WZCMN[20]] 


Controlled axis 


1st axis common workpiece origin offset value 
2nd axis common workpiece origin offset value 


20th axis common workpiece origin offset value 


(*1) 


Workpiece 
coordinate system 
Common workpiece 
origin offset value 
(applied to all 
coordinate systems) 


(*1) 





#5221 
#5222 


#5240 


[#_ WZG54[1]] 
[#_ WZG54]2]] 


it WzG54[20] 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 





#5241 
#5242 


#5260 


[#_WZG55/1]] 
[#_WZG55|2]] 


it WZG55(20] 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 





#5261 
#5262 


#5280 


[#_WZG56[1]] 
[#_WZG56/2]] 


iH WZG56[20] 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 





#5281 
#5282 


#5300 


[#_WZG57[1]] 
[#_WZG57[2]] 


[# WZG57[20] 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 





#5301 
#5302 


#5320 


[#_WZG58[1]] 
[#_WZG58/2]] 


it WzG58[20] 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 





#5321 
#5322 


#5340 


[#_WZG59[1]] 
[#_ WZG59[2]] 


[# WzG59[20]] 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 


G59 





#100301 
#100302 


#100350 


[#_WZCMNI1]] 
[#_WZCMNI2]] 


[# WZCMNI50]] 


1st axis common workpiece origin offset value 
2nd axis common workpiece origin offset value 


50th axis common workpiece origin offset value 


Common workpiece 
origin offset value 
(applied to all 
coordinate systems) 





#100351 
#100352 


#100400 


[#_WZG54[1]] 
[#_ WZG54]2]] 


ie WzG54{50] 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


50th axis workpiece origin offset value 


G54 





#100401 
#100402 


#100450 





[#_WZG55/1]] 
[#_WZG55)2]] 


[# WZG55{50]] 





1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


50th axis workpiece origin offset value 








#100451 | [#_WZG56[1]] 1st axis workpiece origin offset 
#100452 | [# WZG56[2]] 2nd axis workpiece origin offset G56 
#100500 |[# W2ZG56[50]] 50th axis workpiece origin offset 
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Variable Variable name Controlled axis WOESPIECS 
number coordinate system 


[#_WZG57[1]] 1st axis workpiece origin offset 
[#_WZG57[2]] 2nd axis workpiece origin offset 


[#_WZG57[50]] 50th axis workpiece origin offset 
[#_WZG58[1]] 1st axis workpiece origin offset 
[#_WZG58[2]] 2nd axis workpiece origin offset 





[#_WZG58[50]] 50th axis workpiece origin offset 
[#_WZG59[1]] 1st axis workpiece origin offset 
[#_WZG59[2]] 2nd axis workpiece origin offset 














[#_WZG59[50]] 50th axis workpiece origin offset 
(*1) When the path control type is the lathe system type, the external 
workpiece origin offset is assumed. 





The following variables can also be used when bit 5 (D15) of 
parameter No. 6004 is set to 0: 


Function Variable 
number 
1st axis Common workpiece origin offset value 
G54 workpiece origin offset value 
G55 workpiece origin offset value 
G56 workpiece origin offset value 
G57 workpiece origin offset value 
G58 workpiece origin offset value 
G59 workpiece origin offset value 
2nd axis Common workpiece origin offset value 
G54 workpiece origin offset value 
G55 workpiece origin offset value 
G56 workpiece origin offset value 
G57 workpiece origin offset value 
G58 workpiece origin offset value 
G59 workpiece origin offset value 
3rd axis Common workpiece origin offset value 
G54 workpiece origin offset value 
G55 workpiece origin offset value 
G56 workpiece origin offset value 
G57 workpiece origin offset value 
G58 workpiece origin offset value 
G59 workpiece origin offset value 
4th axis Common workpiece origin offset value 
G54 workpiece origin offset value 
G55 workpiece origin offset value 
G56 workpiece origin offset value 
G57 workpiece origin offset value 
G58 workpiece origin offset value 
G59 workpiece origin offset value 
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The following variables can be used to maintain compatibility with 
conventional models. 


Axis 


1st axis 


Function 


External workpiece origin offset value 


G54 workpiece origin offset value 
G55 workpiece origin offset value 
G56 workpiece origin offset value 
G57 workpiece origin offset value 
G58 workpiece origin offset value 
G59 workpiece origin offset value 


Variable 
number 
#2550 
#2551 
#2552 
#2553 
#2554 
#2555 
#2556 





2nd axis 


External workpiece origin offset value 


G54 workpiece origin offset value 
G55 workpiece origin offset value 
G56 workpiece origin offset value 
G57 workpiece origin offset value 
G58 workpiece origin offset value 
G59 workpiece origin offset value 


#2650 
#2651 
#2652 
#2653 
#2654 
#2655 
#2656 





3rd axis 


External workpiece origin offset value 


G54 workpiece origin offset value 
G55 workpiece origin offset value 
G56 workpiece origin offset value 
G57 workpiece origin offset value 
G58 workpiece origin offset value 
G59 workpiece origin offset value 


#2750 
#2751 
#2752 
#2753 
#2754 
#2755 
#2756 





4th axis 


NOTE 

1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 
The workpiece origin offset value for 20th or earlier 
axis can be used with #5201 to #5340. 


NOTE 





External workpiece origin offset value 


G54 workpiece origin offset value 
G55 workpiece origin offset value 
G56 workpiece origin offset value 
G57 workpiece origin offset value 
G58 workpiece origin offset value 
G59 workpiece origin offset value 





#2850 
#2851 
#2852 
#2853 
#2854 
#2855 
#2856 


To use variables #2500 to #2806, #5201 to #5328, 
and #100301 to #100650, optional variables for the 
workpiece coordinate systems are necessary. 
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NOTE 
To use variables #2550 to #2856, #5201 to #5340, 


and #100301 to #100650, optional variables for the 
workpiece coordinate systems are necessary. 





- Workpiece origin offset value of the additional workpiece coordinate system 


#7001-#7960, #101001-#116000 (Attribute: R/W) 


#14001-#20000 (Attribute: R/W) 


The workpiece origin offset value of the additional workpiece 
coordinate system can be obtained by reading system variables #7001 
to #7960, #14001 to #20000, #101001 to #116000. The offset value 
can also be changed by assigning values to the system variables. 


Additional 
workpiece 
system number 


Variable 


Controlled axis 
number 


Variable name 





[# WZP1[1]] 
[# WZP1[2]] 


(# WzP1 [201] 
[# WZP2[1]] 
[# WZP2[2]] 
i WzP2[20]] 
[# WZP3[1]] 
[# WZP3[2]] 
[# WzP3[20]] 


[4 WZP48[1]] 
[4 WZP48[2]] 


He WZP48 120] 





1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 
1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 
1st axis workpiece origin offset value 


2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 





1 
(G54.1 P1) 


2 
(G54.1 P2) 


3 
(G54.1 P3) 


48 
(G54.1 P48) 





System variable number = 7000 + (Coordinate system number -1) x 
20 + Axis number 
Coordinate number: 
Axis number: 


1 to 48 
1 to 20 
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Variable 
number 


Variable 


PROGRAMMING 


Variable name 


[#_ WZP1[1]] 
[4 WZP1[2]] 


it WzP1 [201] 
[# WzZP2[1]] 
[# WZP2[2]] 


[# WzP2[20]] 
[#_WZP3[1]] 
[#_ WZP3[2]] 


[# WzP3[20]] 


[# WZP300[1]] 
[# WZP300[2]] 





[# WzZP300[20]] 





Controlled axis 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 
1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 
20th axis workpiece origin offset value 
1st axis workpiece origin offset value 


2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


20th axis workpiece origin offset value 
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Additional 
workpiece 
system number 


1 
(G54.1 P1) 


2 
(G54.1 P2) 


3 
(G54.1 P3) 


300 
(G54.1 P300) 





System variable number = 14000 + (Coordinate system number -1) x 
20 + Axis number 
Coordinate number: 1 to 300 


Axis number: 


Variable name 


[# WZP1[1]] 
[# WZP1[2]] 


(# WzP1 [50]] 
[# WzP2[1]] 
[# WZP2[2]] 


i WZP2{50]] 
[# WZP3([1]] 
[# WZP3[2]] 


[# WZP3/50]] 


[#_WZP300[1]] 
[# WZP300[2]] 





[# WzZP300[50]] 





1 to 20 


Controlled axis 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


50th axis workpiece origin offset value 
1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 
50th axis workpiece origin offset value 
1st axis workpiece origin offset value 


2nd axis workpiece origin offset value 


50th axis workpiece origin offset value 


1st axis workpiece origin offset value 
2nd axis workpiece origin offset value 


50th axis workpiece origin offset value 





Additional 
workpiece 
system number 


1 
(G54.1 P1) 


”) 
(G54.1 P2) 


3 
(G54.1 P3) 


300 
(G54.1 P300) 





System variable number = 101000 + (Coordinate system number -1) x 
50 + Axis number 
Coordinate number: 1 to 300 


Axis number: 


1 to 50 
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iM 

NOTE 

1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 
The workpiece origin offset of additional workpiece 
coordinate system for 20th or earlier axis can be 
used with #7001 to #7960 or #14001 to #20000. 
Optional variables for 48 additional workpiece 
coordinate systems are #7001 to #7960 (G54.1 P1 
to G54.1 P48). Optional variables for 300 
additional workpiece coordinate systems are 
#14001 to #20000, and #101001 to #116000 
(G54.1 P1 to G54.1 P300). With these variables, 
#7001 to #7960 can also be used. 


NOTE 

1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 
Optional variables for 48 additional workpiece 
coordinate systems are #7001 to #7960 (G54.1 P1 
to G54.1 P48). 
Optional variables for 300 additional workpiece 
coordinate systems are #101001 to #116000 
(G54.1 P1 to G54.1 P300). With these variables, 
#7001 to #7960 can also be used. 





- Skip position (detection unit) #5421-#5440, #100701-#100750 (Attribute: R) 
The skip position with the detection unit can be obtained by reading 
system variables #5421 to #5440 or #100701 to #100750. These 
values are integers. 
Read operation 
Variable name Position information during 
movement 


Variable 
number 


[#_SKPDTC[1]] | 1st axis skip position (detection unit) 
[#_SKPDTC[2]] |2nd axis skip position (detection unit) 


net ne : ; Disabled 
[#_SKPDTC[1]] | 1st axis skip position (detection unit) 


[#_SKPDTC[2]] |2nd axis skip position (detection unit) 














[#_SKPDTC[50]]|50th axis skip position (detection unit) 
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NOTE 
1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 


NO. OUT OF RANGE” occurs. 
2 The skip position (detection unit) for 20th or earlier 
axis can be used with #5421 to #5440. 





- Reference fixture offset number being selected #5500 (Attribute: R) 


The reference fixture offset number being selected can be read by 
reading system variables #5500. 


Variable | Variable name Description 
number 


#5500 [#_FOFSP] Reference fixture offset number being selected 


- Reference fixture offset value being selected #5501-#5520, #117001-#117050 
(Attribute: R) 


The reference fixture offset being selected can be read by reading 
system variables #5501 to #5520 or #117001# to 117050. 


Variable 
number 
#5501 [# FOFSVAL[1]] | 1st axis reference fixture offset value being selected 
#5502 =| [#_FOFSVAL[2]] | 2nd axis reference fixture offset value being selected 


Variable name Description 


#5520 | [# FOFSVAL[20]] | 20th axis reference fixture offset value being selected 
#117001 | [#_FOFSVAL[1]] | 1st axis reference fixture offset value being selected 
#117002 | [#_FOFSVAL[2]] | 2nd axis reference fixture offset value being selected 











#117050 | [# FOFSVAL[50]] | 50th axis reference fixture offset value being selected 


NOTE 
1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 


NO. OUT OF RANGE” occurs. 
2 The reference fixture offset for 20th or earlier axis 
can be used with #5501 to #5520. 
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- Reference fixture offset value #5521-#5680, #117051-#117450 (Attribute: R/W) 


Variable 
number 





The reference fixture offset values in the rotary table dynamic fixture 
offset function by reading system variables #5521 to #5680 or 
#117051 to #117450. The reference fixture offset values can also be 
changed by assigning values to the system values. 


Variable 
name 
[#_FOFS1[1]] 
[#_FOFS1[2]] 


if FOFS1 [201] 
[# FOFS2[1]] 
[#_ FOFS2[2]] 


it FOFS2/20]] 


[# FOFS8[1]] 
[# FOFS8[2]] 


[# FOFS8/20]] 
[# FOFS1[1] 
[# FOFS1[2]] 


i# FOFS1 [501] 
[# FOFS2[1]] 
[# FOFS2[2]] 


[# FOFS2{50]] 


[#_ FOFS8[1]] 
[#_ FOFS8[2]] 


[# FOFS8I50]] 





Controlled axis 


1st axis reference fixture offset value being selected 
2nd axis reference fixture offset value being selected 


20th axis reference fixture offset value being selected 
1st axis reference fixture offset value being selected 
2nd axis reference fixture offset value being selected 


20th axis reference fixture offset value being selected 


1st axis reference fixture offset value being selected 
2nd axis reference fixture offset value being selected 


20th axis reference fixture offset value being selected 
1st axis reference fixture offset value being selected 
2nd axis reference fixture offset value being selected 
50th axis reference fixture offset value being selected 
1st axis reference fixture offset value being selected 


2nd axis reference fixture offset value being selected 


50th axis reference fixture offset value being selected 


1st axis reference fixture offset value being selected 
2nd axis reference fixture offset value being selected 


50th axis reference fixture offset value being selected 





Fixture offset 
number 


1 
(G54.2 P1) 


2 
(G54.2 P2) 


8 
(G54.2 P8) 


1 
(G54.2 P1) 


2 
(G54.2 P2) 


8 
(G54.2 P8) 


NOTE 

1 When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 
NO. OUT OF RANGE” occurs. 

2 The reference fixture offset values for 20th or 
earlier axis can be used with #5521 to #5680. 
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- Dynamic reference tool compensation value #118051-#118450 (Attribute: R/W) 


Variable 
number 


#118151 
#118152 


#118200 





The dynamic reference tool compensation value in the rotary head 
dynamic tool compensation function can be obtained by reading 
system variables #118051 to #118450. The dynamic reference tool 
compensation value can also be obtained by assigning values to the 
system variables. 


Variable name 


[# DOFS1[1]] 
[# DOFS1[2]] 


[# DOFS1 [501] 
[#_ DOFS2[1]] 
[# DOFS2/2]] 


[# DOFS2/50]] 
[# DOFS3[1]] 
[# DOFS3[2]] 


i# DOFS3I50]] 
[# DOFS4[1]] 
[# DOFS4[2]] 


if DOFS4I50]] 
[# DOFS5[1]] 
[# DOFS5/[2]] 
i# DOFS5I50]] 


[# DOFS8[1]] 
[# DOFS8/2]] 


i DOFSBI50] 





Controlled axis 


1st axis dynamic reference tool compensation value 
2nd axis dynamic reference tool compensation value 


50th axis dynamic reference tool compensation value 
1st axis dynamic reference tool compensation value 
2nd axis dynamic reference tool compensation value 


50th axis dynamic reference tool compensation value 
1st axis dynamic reference tool compensation value 
2nd axis dynamic reference tool compensation value 


50th axis dynamic reference tool compensation value 
1st axis dynamic reference tool compensation value 
2nd axis dynamic reference tool compensation value 
50th axis dynamic reference tool compensation value 
1st axis dynamic reference tool compensation value 


2nd axis dynamic reference tool compensation value 


50th axis dynamic reference tool compensation value 


1st axis dynamic reference tool compensation value 
2nd axis dynamic reference tool compensation value 


50th axis dynamic reference tool compensation value 


NOTE 
When variables exceeding the number of control 
axes are specified, the alarm (PS0115) “VARIABLE 


NO. OUT OF RANGE?” occurs. 
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Dynamic tool 
offset number 


1 
(G43.2H1) 


2 
(G43.2H2) 


3 
(G43.2H3) 


4 
(G43.2H4) 


5 
(G43.2H5) 


8 
(G43.2H8) 
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- Switching between P-CODE variables and system variables (#10000-) #8570 
(Attribute: R/W) 


This system variable allows read/write operations of P-CODE 
variables (#10000 to #89999) for the macro executor function. For 
details on P-CODE variables, refer to the Macro Compiler / Macro 
Executor Programming Guide (B-63943E-2). 

System variable #8570 can be used to make variables #10000 to 
#89999 correspond to either P-CODE variables or system variables. 


variable 
#10000 P-CODE variables (#10000) 
#89999 P-CODE variables (#89999) 
#10000 System variables (#10000) 
#89999 System variables (#89999) 
Example 
#8570 =0; 


#10000 =123;— Writing to system variable 
#10000 (tool compensation) 








#8570 = 1; 
#10000 = 456; — Writing to P-CODE variable 
#10000 (tool compensation) 











NOTE 
Variable #8570 can be used only when the macro 
executor function is enabled. 
System variables (#10000-) always correspond to 


system variables specified by their variable names 
even when #8570 is 1. 

When an attempt is made to access a variable that 
cannot be used with P-CODE variables (#10000-), 
an alarm (PS0O115) occurs. 
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16.3 ARITHMETIC AND LOGIC OPERATION 





Various operations can be performed on variables. Program an 
arithmetic and logic operation in the same way as for a general 
arithmetic expression. 

#i=<expression> 


<Expression> 
The expression to the right of the arithmetic and logic operation 
contains constants and/or variables combined by a function or 
operator. Variables #j and #k below can be replaced with a constant. 
If a constant used in an expression has no decimal point, it is assumed 
to end with a decimal point. 


Table 16.3 (a) Arithmetic and logic operation 


operation 
or replacement 
<2> 


#i=Hj+#k Addition 
Addition-type #i=#j-#k Subtraction 
operations #i=#j OR #k Logical OR (bit by bit of 32 bits) 
#i=#j XOR #k Exclusive OR (bit by bit of 32 bits) 
<3> #i=H#j*#k Multiplication 
Multiplication-ty | #i=#j/#k Division 
pe operations #i=#j AND #k Logical AND (bit by bit of 32 bits) 
#i=#) MOD #k Remainder (A remainder is obtained after #j and #k 
are rounded to their nearest whole numbers. When #j 
is a negative value, #i is assumed to be a negative 
value.) 
<4> Functions | #i=SIN[#j] Sine (in degrees) 
#i=COS[#I] Cosine (in degrees) 
#i=TAN[#i] Tangent (in degrees) 
#i=ASIN[F] Arc sine 
#i=ACOS[#j] Arc cosine 
#i=ATAN[#I] Arc tangent (one argument), ATN can also be used. 
#Ii=ATAN[#jI/[#k] | Arc tangent (two arguments), ATN can also be used. 
#I=ATAN[# #k] Arc tangent (two arguments), ATN can also be used. 
#i=SQRT[#j] Square root, SQR can also be used. 
#i=ABS[#j] Absolute value 
#i=BIN[#j] Conversion from BCD to binary 
#i=BCD[#j] Conversion from binary to BCD 
#i=ROUND[#j] Rounding off, RND can also be used. 
#i=FIX[#j] Rounding down to an integer 
#i=FUP[Fi] Rounding up to an integer 
#i=LN[Fj] Natural logarithm 
#i=EXP(FI] Exponent using base e (2.718...) 
#i=POW([FY,#k] Power (#j to the #kth power) 
#i=ADP[#j] Addition of a decimal point 
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Explanation 


- Angle units 


- ARCSIN #i = 


- ARCCOS #i 


- ARCTAN #i = 


ASIN[Aj]; 


= ACOS[Aj]; 


The units of angles used with the SIN, COS, ASIN, ACOS, TAN, and 
ATAN functions are degrees. For example, 90 degrees and 30 
minutes is represented as 90.5 degrees. 


The solution ranges are as indicated below: 

When the NAT bit (bit 0 of parameter 6004) is set to 0: 270° to 
90° 

When the NAT bit (bit 0 of parameter 6004) is set to 1: -90° to 
90° 

When #j is beyond the range of -1 to 1, an alarm PSO119 is issued. 


e Aconstant can be used instead of the #j variable. 


The solution ranges from 180° to 0°. 


e When #j is beyond the range of -1 to 1, an alarm PSO119 is issued. 


A constant can be used instead of the #j variable. 


ATAN[#j]/[#k]; bine arguments) 


e ATAN[#),#k] is equivalent to ATAN[#)]/[#k]. 
When point (#k,#j) on plane X-Y is given, this function returns the 
value of the arc tangent for the angle made by the point. 


e Aconstant can be used instead of the #j variable. 


The solution ranges are as follows: 
When the NAT bit (bit 0 of parameter 6004) is set to 0: 0° to 
360° 


Example: 


When #1 = ATANI-1}/[-1]; is specified, #1 is 225.0. 
When the NAT bit (bit 0 of parameter 6004) is set to 1: -180° to 
180° 


Example: 


When #1 = ATANI-1}/[-1]; is specified, #1 is -135.0. 
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- ARCTAN #i = ATAN[Bj]; (one argument) 


- Natural logarithm #i = LN[#j]; 


e When the antilogarithm (#)) is zero or smaller, an alarm PSO119 is 


e When ATAN is specified with one argument, this function returns 


the main value of arc tangent (-90° < ATAN[#j] < 90°). In other 
word, this function returns the same value as ATAN in calculator 
specifications. 

To use this function as the dividend of a division, be sure to 
enclose it with brackets ([]). If this function is not enclosed, 
ATAN[#j]/[#k] is assumed. 


Example: 


#100 = [ATAN[1]]/10 ; : Divides ATAN with one argument by 10. 

#100 = ATAN[1]/[10] ; : Executes ATAN with two arguments. 

#100 = ATAN[1]/10; : Assumes ATAN with two arguments, but issues 
an alarm PS1131 because the X coordinate 
specification is not enclosed with brackets ([]). 


issued. 


e Aconstant can be used instead of the #j variable. 


- Exponential function #i = EXP[#j]; 


- ROUND function 


e When the result of the operation overflows, an alarm PS0119 is 


issued. 


e Aconstant can be used instead of the #j variable. 


e When the ROUND function is included in an arithmetic or logic 


operation command, IF statement, or WHILE statement, the 
ROUND function rounds off at the first decimal place. 


Example: 


When #1=ROUND[#2]; is executed where #2 holds 1.2345, the value of 
variable #1 is 1.0. 

When the ROUND function is used in NC statement addresses, the 
ROUND function rounds off the specified value according to the 
least input increment of the address. 


Example: 


Creation of a drilling program that cuts according to the values of variables 

#1 and #2, then returns to the original position 

Suppose that the increment system is 1/1000 mm, variable #1 holds 

1.2345, and variable #2 holds 2.3456. Then, 

G00 G91 X-#1; Moves 1.235 mm in negative direction. 

G01 X-#2 F300; Moves 2.346 mm in negative direction. 

GOO X[#1+#2]; Since 1.2345 + 2.3456 = 3.5801 in positive direction, the 
travel distance is 3.580, which does not return the tool to 
the original position. 

This difference comes from whether addition is performed before 

or after rounding off. G0O0X-[ROUND[#1]+ROUND[#2]]; must 

be specified to return the tool to the original position. 
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- Add decimal point (ADP) function 

e ADP{#n] (n = 1 to 33) can be executed to add a decimal point to an 
argument passed with no decimal point, in the subprogram. 

Example: 
In the subprogram called with G65 P_X10;, the value of ADP[#24] is a 
value to which a decimal point is added at its end (that is, 10.). Use this 
function when you do not want to consider the increment system in the 
subprogram. When bit 4 (CVA) of parameter No. 6007 is set to 1, 
however, the ADP function cannot be used because any argument is 
converted to 0.01 the moment it is passed. 


NOTE 
For compatibility among programs, it is 


recommended that the ADP function be not used, 
and decimal points be added in the argument 
specification for a macro call. 





- Rounding up and down to an integer (FUP and FIX) 

With CNC, when the absolute value of the integer produced by an 
operation on a number is greater than the absolute value of the original 
number, such an operation is referred to as rounding up to an integer. 
Conversely, when the absolute value of the integer produced by an 
operation on a number is less than the absolute value of the original 
number, such an operation is referred to as rounding down to an 
integer. Be particularly careful when handling negative numbers. 
Example: 

Suppose that #1=1.2 and #2=-1.2. 

When #3=FUP[#1] is executed, 2.0 is assigned to #3. 

When #3=FIX[#1] is executed, 1.0 is assigned to #3. 

When #3=FUP[#2] is executed, -2.0 is assigned to #3. 

When #3=FIX[#2] is executed, -1.0 is assigned to #3. 


- Abbreviations of arithmetic and logic operation commands 
When a function is specified in a program, the first two characters of 
the function name can be used to specify the function. 


Example: 


ROUND —> RO 
FIX > Fl 


NOTE 
POW cannot be abbreviated. 
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- Priority of operations 
<1> Functions 
<2> Operations such as multiplication and division (*, /, AND) 
<3> Operations such as addition and subtraction (+, -, OR, XOR) 





Example) #1=#2+#3*SIN[#4]; 
uU— 





<1> 
uUu—_,—_/ 
<2> 
— 1 <1>, <2> and <3> indicate the order of 
<3> operations. 








- Bracket nesting 
Brackets are used to change the order of operations. Brackets can be 
used to a depth of five levels including the brackets used to enclose a 
function. When a depth of five levels is exceeded, an alarm PS0118 
occurs. 





Example) #1=SIN [| [ [#2+#3] “#4 +#5] *#6]; 
Uu~__Y 


<1> 





<1> to <5> indicate the order of operations. 
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Limitation 
e Caution concerning decreased precision 
When bit 0 (F16) of parameter No. 6008 is set to 0 
e Addition and subtraction 
Note that when an absolute value is subtracted from another 
absolute value in addition or subtraction, the relative error may 
become 107 or greater. 
For example, assume that #1 and #2 have the following true values 
in the process of operation. 
(The following values are examples in the process of operation and 
cannot actually be specified from any program.) 
#1=9876543210.987654321 
#2=9876543210.987657777 
You cannot obtain the following result with operation #2-#1: 
#2-#1=0.000003456 
This is because the precision of custom macro variables is 15 
decimal digits. With this precision, the values of #1 and #2 
become: 
#1=9876543210.987650000 
#2=9876543210.987660000 
(Precisely, the actual values are slightly different from the above 
values because they are internally processed in binary.) Therefore, 
the result is: 
#2-1=0.000010000 
A large error occurs. 
e Logical expressions 
Be aware of errors that can result from conditional expressions 
using EQ, NE, GT, LT, GE, and LE because they are processed 
basically in the same way as addition and subtraction. For 
example, if the following statement is used to decide whether #1 is 
equal to #2 in the above example, a correct decision may not be 
resulted because errors may occur: 
IF [#1 EQ #2] 
Evaluate the difference between #1 and #2 with: 
IF [ABS [#1-#2]LT 0.1] 
Then, assume that the values are equal when the difference does 
not exceed the allowable error range. 
e Trigonometric functions 
The absolute error is guaranteed for trigonometric functions. 
However, the relative error is 10°'° or greater. Carefully perform 
multiplication or division after executing a trigonometric function. 
e FIX function 
When using the FIX function for the result of an operation, be 
careful with the precision. For example, when the following 
operations are performed, the value of #3 may not always be 2. 
N10 #1=0.002; 
N20 #2=#1*1000; 
N30 #3=FIX[#2]; 
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This is because an error may occur in operation N20 and the result 
may not be 
#2=2.0000000000000000 
but a value a little smaller than 2 such as the following: 
#2=1.9999999999999997 
To prevent this, specify N30 as follows: 
N30 #3=FIX[#2+0.001]; 
Generally, specify the FIX function as follows: 
FlX[expression] + FlX[expression +¢] 
(Specify +e when the value of the expression is positive or -¢ when 
it is negative, and 0.1, 0.01, 0.001, ... for € as required.) 


NOTE 


The operation result of exponential function 
#i=EXP[#j]; overflows when #j exceeds about 790. 





When bit 0 (F16) of parameter No. 6008 is set to 1 
Errors may occur when operations are performed. 


Table 16.3 (b) Errors involved in operations 


Operation Average Maximum Type of error 
error error 


1.55x10°° 4.6610" Relative error(*1) 
4.66107) [1.88107 é 
2h —§$—| 1.24x10° _[3.73x10° a 


a=b+c 2.33x10°°  |5.32x10 (*2) 
a=b-c MIN| & oe. 
b c 


5.0x10° 1.0x10° Absolute error(*3) 


€ degrees 


The relative error depends on the result of the 
operation. 

Smaller of the two types of errors is used. 

The absolute error is constant, regardless of the 
result of the operation. 

Function TAN performs SIN/COS. 

Note that, in the case of natural logarithm #i=LN[#j]; 
and exponential function #i=EXP[#j];, the relative 
error may become 10° or greater. 

The operation result of exponential function 
#i=EXP[#j]; overflows when #j exceeds about 110. 





e The precision of variable values is about 8 decimal digits. When 
very large numbers are handled in an addition or subtraction, the 
expected results may not be obtained. 
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Example: 
When an attempt is made to assign the following values to variables #1 
and #2: 
#1=9876543210123.456 
#2=9876543277777.777 
the values of the variables become: 
#1=9876543200000.000 
#2=9876543300000.000 
In this case, when #3=#2-#1; is calculated, #3=100000.000 results. (The 
actual result of this calculation is slightly different because it is performed 
in binary.) 
e Also be aware of errors that can result from conditional 
expressions using EQ, NE, GE, GT, LE, and LT. 
Example: 
IF[#1 EQ #2] is effected by errors in both #1 and #2, possibly resulting in 
an incorrect decision. 
Therefore, instead find the difference between the two variables with 
IF[ABS[#1-#2]LT0.001]. 
Then, assume that the values of the two variables are equal when the 
difference does not exceed an allowable limit (0.001 in this case). 
e Also, be careful when rounding down a value. 
Example: 
When #2=#1*1000; is calculated where #1=0.002;, the resulting value of 
variable #2 is not exactly 2 but 1.99999997. 
Here, when #3=FIX[#2]; is specified, the resulting value of variable #3 is 
not 2.0 but 1.0. 
In this case, round down the value after correcting the error so that the 
result is greater than the expected number, or round it off as follows: 
#3=F1X[#2+0.001] 
#3=ROUND[#2] 


- Brackets 
Brackets ([, ]) are used to enclose an expression. 
Note that parentheses are used for comments. 


- Divisor 


When a divisor of zero is specified in a division, an alarm PSO112 
occurs. 
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16.4 INDIRECT AXIS ADDRESS SPECIFICATION 





Overview 


Explanation 
- Indirect axis address 


When the custom macro function is enabled, you can use 
AX[(axis-number)] in an axis address specification to indirectly 
specify an axis with its axis number and not to directly specify it with 
its axis name. 
You can also use AXNUM[(axis-name)] to obtain the axis number for 
an axis name. 


You can use indirect axis address AX[ ] to specify an axis with its axis 
number. (An equal sign (=) is always required following AX[ ].) 


AX[(axis-number)] = (numeric-value) ; 


(axis-number): 1 to the number of controlled axes (number of 
controlled axes for each path in a multipath system) 

(numeric-value): Value specified for the axis specified with its axis 
number 


If an invalid axis number is specified, an alarm PS0331 occurs. Ifa 
value is put in a decimal place, the number is rounded off to an integer 
and the result is treated as the axis number. 

You can also specify a variable (local, common, or system variable) 
for (axis-number). To specify an operation using a variable name in 
(axis-number), however, enclose the variable name with brackets ([ ]). 


. AX[1]=100.0; 
Specifies a value of 100.000 for the first axis. 

. AX[#500]=200.0; 
Specifies a value of 200.000 for the axis having the axis number 
indicated by the value stored in #500. 

. AX[#500+1]=300.0; 
Specifies a value of 300.000 for the axis having the axis number 
obtained by adding 1 to the value stored in #500. 

. SETVN 500 [ABC]; 
AX[#ABC]=400.0; 
Specifies a value of 400.000 for the axis having the axis number 
indicated by the value stored in #ABC (#500). 

. SETVN 500 [ABC]; 
AX[[#ABC]+1]=500.0; 
Specifies a value of 400.000 for the axis having the axis number 
obtained by adding 1 to the value stored in #ABC (#500). 

. SETVN 500 [ABC]; 
AX[#ABC+1]=500.0; 
Alarm PS0331 occurs. 
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- AXNUM function 


Example 


Limitation 
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You can use AXNUM|[ ] to obtain an axis number. 
AXNUM|[(axis-name)]; 


If an invalid axis name is specified, an alarm PS0332 occurs. 


When the number of controlled axes is 3, the name of the first axis 
is X, that of the second axis is Y, and that of the third axis is Z 


. #500=AXNUM[X]; 
A value of 1 is stored in #500. 


. #501=AXNUM[Y]; 

A value of 2 is stored in #501. 
. #502=AXNUM[Z]; 

A value of 3 is stored in #502. 
. #503=AXNUM[A]; 

Alarm PS0332 occurs. 





Examples when the name of the first axis is X, that of the second axis 


is Y, and that of the third axis is Z1 


N10 SETVN 500[AXIS1,AXIS2,AXIS3] ; 
N20 [#AXIS1]=AXNUM[X] ; 

N30 [#AXIS2]=AXNUM[V] : 

N40 [#AXIS3]=AXNUMI[Z1] ; 

N50 G92 AX[HAXIS1]=0 AX[HAXIS2]=0 AX[#HAXIS3]=0 ; 

N60 GO01F1000. ; 

N70 AX[#AXIS1]=100.0 AX[HAXIS2]=100.0 AX[HAXIS3]=100.0 ; 
N80 G02 AX[HAXIS1]=200. 0 AX[HAXIS1]=200.0 R50.0 ; 

N90 Mo2; 


When the custom macro function is enabled, AX and AXN cannot be 
used as an extended axis name. AX is assumed to be AX[ ] and 


AXN is assumed to be AXNUM{[ ]. 
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16.5 MACRO STATEMENTS AND NC STATEMENTS 


The following blocks are referred to as macro statements: 

e Blocks containing an arithmetic or logic operation (=) 

e Blocks containing a control statement (such as GOTO, DO, END) 

e Blocks containing a macro call command (such as macro calls by 
G65, G66, G66.1, G67, or other G codes, or by M codes) 


Any block other than a macro statement is referred to as an NC 
statement. 


Explanation 
- Differences from NC statements 
e Even when single block mode is on, the machine does not stop. 
Note, however, that the machine stops in the single block mode 
when bit 5 of parameter SBM No. 6000 is 1. 
e Macro blocks are not regarded as blocks that involve no movement 
in the cutter compensation mode. 


- NC statements that have the same property as macro statements 

e NC statements that include a subprogram call command (such as 
subprogram calls by M98 or other M codes, or by T codes) and not 
include other command addresses except an O, file name, N, P, or 
L address have the same property as macro statements. 

e NC statements that include M99 and those do not include other 
command addresses except an O, file name, N, P, or L address 
have the same property as macro statements. 
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16.6 BRANCH AND REPETITION 


In a program, the flow of control can be changed using the GOTO 
statement and IF statement. Three types of branch and repetition 
operations are used: 


Branch and GOTO (unconditional branch) 
repetition -— IF (conditional branch: if ..., then...) 
WHILE __ (repetition while ...) 


16.6.1 Unconditional Branch (GOTO Statement) 














A branch to sequence number n occurs. When a sequence number 
outside of the range | to 99999999 is specified, an alarm PS0128 
occurs. A sequence number can also be specified using an 
expression. 








GOTOn ; n: Sequence number (1 to 99999999) 








Example: 
GOTO 1; 
GOTO #10; 


/A\ WARNING 
Do not specify multiple blocks with the same 
sequence number in a single program. It is very 
dangerous to specify such blocks because the 
destination of a branch from the GOTO statement is 
undefined. 


NOTE 


1 A backward branch takes more time as compared 
with a forward branch. 

2 In the destination of GOTOn, that is, the block with 
sequence number n, the sequence number must 
appear at the beginning of the block. If the 
sequence number is not at the beginning of the 
block, a branch cannot be made. 





ADD 
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16.6.2 GOTO Statement Using Stored Sequence Numbers 


When the GOTO statement is executed in a custom macro control 
command, a sequence number search is made for sequence numbers 
stored at previous execution of the corresponding blocks at a high 
speed. 
As a "sequence number stored at previous execution of the 
corresponding block," a unique sequence number within the same 
program or the sequence number of a subprogram call with which the 
block was executed is stored. 
The storage type differs depending on the values of the following 
parameters. 
(1) When bit 1 (MGO) of parameter No. 6000 is set to 1 
e Fixedtype: Up to 20 sequence numbers stored at execution 
of the corresponding blocks from the start of 
operation 
(2) When bit 4 (HGO) of parameter No. 6000 is set to 1 
e Variable type: Up to 30 sequence numbers stored at execution 
of the corresponding blocks before execution of 
the GOTO statement 
e History type: Up to 10 sequence numbers stored by a 
sequence number search previously made using 
the GOTO statement 
The stored sequence numbers are canceled in the following cases: 
e Immediately after power-on 
e After a reset 
e Operation after program registration or editing (including 
background editing and MDI program editing) 


URS 
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/A\ WARNING 

Do not specify multiple blocks with the same 
sequence number in a single program. 
It is very dangerous to specify the sequence number 
of the branch destination before and after the GOTO 
statement and execute the GOTO statement because 
the branch destination changes according to the 
values of the parameters as shown below: 

When bit 1 (MGO) or 4 (HGO) of | When both bits 1 (MGO) and 4 

parameter No. 6000 is set to 1 (HGO) of parameter No. 6000 

are set to 0 








N10; A branch to N10; 


: N10 before : A branch to 
GOTO10; the GOTO GOTO10; N10 after the 
. statement GOTO 
N10; Occurs. statement 
occurs. 


N10; 














When bit 1 (MGO) or 4 (HGO) of parameter No. 6000 
is set to 1 and the GOTO statement is executed, the 
sequence number of the branch destination may not be 
contained in the sequence numbers stored at previous 
execution of the corresponding blocks. In this case, a 
branch to the sequence number in a block following the 
GOTO statement occurs (the destination is the same 
as when both bits are set to 0). 


NOTE 
When an external program is read and executed by 
DNC operation, the executed sequence numbers are 
not stored. 
When a program registered in memory is executed by 
a subprogram call, the sequence numbers are stored. 


/A\ CAUTION 

According to the restrictions on the GOTO statement, 
no branch to a sequence number within a DO-END 
loop cannot be made. If a program in which a 
branch to a sequence number within a loop occurs is 
executed, operation may differ depending on whether 
the GOTO statement using stored sequence numbers 
is used. 





- 424 - 


B-63944EN/02 


PROGRAMMING 16.CUSTOM MACRO 


16.6.3 Conditional Branch (IF Statement) 


Specify a <conditional expression> after IF. 


IF[<conditional expression>]GOTOn 


If the specified <conditional expression> is satisfied (true), a branch to 
sequence number n occurs. If the specified condition is not satisfied, 
the next block is executed. 





If the value of variable #1 is greater than 10, a branch to sequence number 
N2 occurs. 


If the condition IF [#1 GT 10] GOTO 2; 
is not satisfied 








Processing If the condition is satisfied 

















N2 G00 G91 X10.0 % 





IF[<conditional expression>]THEN 


Explanation 
- <Conditional expression> 


If the specified <conditional expression> is satisfied (true), a macro 
statement specified after THEN is executed. 
Only a single macro statement is executed. 





If the values of #1 and #2 are the same, 0 is assigned to #3. 





IF[#1 EQ #2] THEN#3=0 ; 











If the values of #1 and #2 are the same and those of #3 and #4 are also 
the same, 0 is assigned to #5. 


IF[[#1 EQ #2] AND [#3 EQ #4]] THEN#5=0 ; 


If the values of #1 and #2 are the same or those of #3 and #4 are the 
same, 0 is assigned to #5. 


IF[[#1 EQ #2] OR [#3 EQ #4]] THEN#5=0 ; 





<Conditional expressions> are divided into <simple conditional 
expressions> and <complex conditional expressions>. In a <simple 
conditional expression>, a relational operator described in Table 16.6 
(a) is specified between two variables or between a variable and 
constant to be compared. An <expression> can be used instead of a 
variable. With a <complex conditional expression>, an AND 
(logical AND), OR (logical OR), or XOR (exclusive OR) operation is 
performed for the results (true or false) of multiple <simple 
conditional expressions>. 
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- Relational operators 


Sample program 
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Relational operators each consist of two letters and are used to 
compare two values to determine whether they are equal or one value 
is smaller or greater than the other value. Note that the equal sign (=) 
and inequality sign (>, <) cannot be used as a relational operator. 


Table 16.6 (a) Relational operators 


| Operator | Meaning 
Equal to(=) 
Not equal to() 





The sample program below finds the total of numbers | to 10. 


Initial value of the variable to hold the sum 
Initial value of the variable as an addend 


Calculation to find the sum 
Next addend 

Branch to N1 

End of program 
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16.6.4 Repetition (WHILE Statement) 


Explanation 


Specify a conditional expression after WHILE. While the specified 
condition is satisfied, the program from DO to END is executed. If 
the specified condition is not satisfied, program execution proceeds to 
the block after END. 








WHILE [conditional expression] DO m ; (m=1,2,3) 


If the If the Processing 
condition condition 
is not is satisfied 


satisfied 





ENDm ; 





> 








While the specified condition is satisfied, the program from DO to 
END after WHILE is executed. If the specified condition is not 
satisfied, program execution proceeds to the block after END. The 
same format as for the IF statement applies. A number after DO and 
a number after END are identification numbers for specifying the 
range of execution. The numbers 1, 2, and 3 can be used. When a 
number other than 1, 2, and 3 is used, an alarm PS0126 occurs. 


ATs 
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- Nesting 
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The identification numbers (1 to 3) ina DO-END loop can be used as 
many times as desired. Note, however, when a program includes 
crossing repetition loops (overlapped DO ranges), an alarm PS0124 


occurs. 


















































1. The identification numbers (1 to 3. DO loops can be nested to a 
3) can be used as many times maximum depth of three levels. 
as required. — 

[— WHILE[...]D0 1; WHILE [...]DO1; 

Processing [— WHILE[...]DO2; 
END WHILE [...]D03; 
( WHILE[...]DO1; Processing 
Processing END 3; 
es — END 2; 

2. DO ranges cannot — END 1; 

overlap. 


= ; 4. Control can be transferred 
WHILE [...]DO 1; to the outside of a loop. 


WHLE[ 1001; 











| WHILE[...]DO2; IF[...]GOTOn; 
— END 1; END 1; 
Processing Nn 











END 2 ; 5. Branches cannot be made to a 


location within a loop. 


[—— IF[...]GOTOn; 


[— WHILE[...]DO1; 








> Nn...; 





— END 1; 
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Limitation 
- Infinite loops 


- Processing time 


- Undefined variable 


Sample program 
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When DO m is specified without specifying the WHILE statement, an 
infinite loop ranging from DO to END is produced. 


When a branch to the sequence number specified in a GOTO 
statement occurs, the sequence number is searched for. For this 
reason, processing in the reverse direction takes a longer time than 
processing in the forward direction. Therefore, in the case of 
processing in the reverse direction, use the WHILE statement for 
repetition to reduce processing time. 


In a conditional expression that uses EQ or NE, a <null> and zero 
have different effects. In other types of conditional expressions, a 
<null> is regarded as zero. 


The sample program below finds the total of numbers | to 10. 


00001; 

#1=0; 

#2=1; 

WHILE[#2 LE 10]DO 1; 
#1=#1+#2; 

#2=#2+1; 

END 1; 

M30; 
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16.7 MACROCALL 
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A macro program can be called using the following methods. The 
calling methods can roughly be divided into two types: macro calls 
and subprogram calls. 

A macro program can also be called during MDI operation in the same 
way. 


Macro call 


imple call (G65) 
Modal call (G66, G66.1, G67) 
Macro call using a G code 


Macro call using an M code 


Subprogram call ubprogram call using an M code 


Limitation 
- Call nesting 


Subprogram call using a T code 
Subprogram call using an S code 

-—— Subprogram call using a second auxiliary function code 
Subprogram call using a specific code 





Macro calls can be nested to a depth of up to five levels and 
subprogram calls can be nested to a depth of up to ten levels; calls can 
be nested to a depth of up to 15 levels in total. 


- Differences between macro calls and subprogram calls 
Macro call (G66, G66.1, Ggg, or Mmm) differs from subprogram call 
(for example M98, Mmm, or Ttt) as described below. 


With a macro call, an argument (data passed to a macro) can be 
specified. A subprogram call does not have this capability. 

If a macro call block contains another NC command (such as G01 
X100.0 G65 Pp), an alarm PS0127 occurs. 

If a subprogram call block contains another NC command (such as 
G01 X100.0 M98 Pp), the subprogram is called after the command 
is executed. 

In any macro call block, the machine does not stop in the single 
block mode. 

If a subprogram call block contains another NC command (such as 
G01 X100.0 M98 Pp), the machine stops in the single block mode. 
With a macro call, the level of local variables changes. With a 
subprogram call, the level of local variables does not change. 
(See "Local variable levels" in Limitation of Subsection 16.7.1.) 


- Called program and folders to be searched 
The order in which folders are called depends on the method of calling 
a macro or subprogram. 
Folders are searched in sequence and the program found first is called. 
For details, see the "Managing Programs" chapter. 
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16.7.1 Simple Call (G65) 


When G65 is specified, the custom macro specified at address P is 
called. Data (argument) can be passed to the custom macro program. 




















G65 Pp Lé <argument- P : Number of the program to call 
specification> ; ¢ : Repetition count (1 by default) 
Argument : Data passed to the macro 
00001 ; Ly 09010 ; 
| aB=H1+H2 ; 
G65 P9010 L2 A1.0 B2.0 ; ~] IF [#3 GT 360] GOTO 9 ; 
:< G00 G91 X#3 ; 
M30 ; N9Q M99 ; 


























Explanation 


- Call 


- Argument specification 


e After G65, specify at address P the program number of the custom 
macro to call. 

e When a number of repetitions is required, specify a number from 1 
to 999999999 after address L. When L is omitted, 1 is assumed. 

e By using argument specification, values are assigned to 
corresponding local variables. 


Two types of argument specification are available. Argument 
specification I uses letters other than G, L, O, N, and P once each. 
Argument specification II uses A, B, and C once each and also uses I, 
J, and K up to ten times. The type of argument specification is 
determined automatically according to the letters used. 


e Argument specification I 


Address | Variable Address | Variable Address | Variable 
number number number 


#20 
#21 
#22 
#23 
#24 
#25 
#26 














e Addresses G, L, N, O, and P cannot be used in arguments. 

e Addresses that need not be specified can be omitted. Local 
variables corresponding to an omitted address are set to null. 

e Addresses do not need to be specified alphabetically. They 
conform to word address format. 
I, J, and K need to be specified alphabetically, however. 
Argument specification I is always used for I, J, and K by setting 
bit 7 (IJK) of parameter No. 6008 to 1 


- 431 - 


16.CUSTOM MACRO PROGRAMMING B-63944EN/02 





Example 

- When bit 7 (IJK) of parameter No. 6008 is 0, 
| J K_ means that | = #4, J = #5, and K = #6 while 
K_J_|_ means K = #6, J = #8, and I= #10 because 
argument specification II is used. 

- When bit 7 (IJK) of parameter No. 6008 is 1, 
K_J_|_ means that | = #4, J = #5, and K = #6, 
which is the same as with |_J K_, because 
argument specification | is used. 











e Argument specification I 
Argument specification II uses A, B, and C once each and uses I, J, 
and K up to ten times. Argument specification II is used to pass 
values such as three-dimensional coordinates as arguments. 


Address | Variable Address | Variable Address | Variable 
number number number 
A #1 








e Subscripts of I, J, and K for indicating the order of argument 
specification are not written in the actual program. 


NOTE 
When bit 7 (IJK) of parameter No. 6008 is 1, 





argument II cannot be used. 


Limitation 
- Format 
G65 must be specified before any argument. 
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- Mixture of argument specifications | and Il 
The CNC internally identifies argument specification I and argument 
specification I]. If a mixture of argument specification I and 
argument specification II is specified, the type of argument 
specification specified later takes precedence. 
[Example] 
G65 A1.0 B2.0 |-3.0 14.0 D5.0 P1000 ; 


(Variables) 
#1:1.0 
#2:2.0 

#3: 

#4:-3.0 

#5: 

#6: 


#7:4.0 60 


When both the 14.0 and D5.0 arguments are commanded for variable 
#7 in this example, the latter, D5.0, is valid. 


- Position of the decimal point 
The units used for argument data passed without a decimal point 
correspond to the least input increment of each address. 


/A\ CAUTION 
The value of an argument passed without a 
decimal point may vary according to the system 


configuration of the machine. _ It is good practice to 
use decimal points in macro call arguments to 
maintain program compatibility. 





When a value is specified with no decimal point, the number of 
decimal places is determined as follows. 


address address 
D, E, H, M, S, or T pT 
QorR 

A, C, 1, J, K, X, Y, or Z a po 


B, U, ANOTE TN). or W B (NOTE 3) 











Second auxiliary function Fear a eee 


_———__Aaléfess_{_Metrie nput_ineh input_ 
F (G93 mode) 
F (G94 mode) 


Bie made) 
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NOTE 

1 When V is used in a call using a specific code, the 
number of decimal places is determined according to the 
setting for the reference axis. 

2 a is determined according to the increment system for 
the reference axis (axis specified with parameter No. 
1031) as listed in the table in NOTE 3. 

3 B is determined according to the increment system for the 
corresponding axis address as listed in the following table. 


Linear axis Linear axis ; : 
Increment system ioe ; : Rotation axis 
(metric input) (inch input) 


IS-A 2 3 
IS-B 3 
IS-C 4 
IS-D 5 
IS-E 6 
When bit 7 (IPR) of parameter No. 1004 is set to 1, the 
above values from which 1 is subtracted are used. When 
the increment system for an axis is IS-A, however, the 
setting of bit 7 (IPR) of parameter No. 1004 is not effective. 
When calculator-type decimal notation for each axis is 
used (bit 0 (ADX) of parameter No. 3455 is set to 1), the 






































number of decimal places is 0. When bit 7 (EAP) of 
parameter No. 3452 is set to 1, however, calculator-type 
decimal notation is not effective and the number of decimal 
places is determined as listed in the above table. 





AUP(3450#0) = 1 

AUX (No.3405#0) | AUX (No.3405#0) 
=0 =1 
Metric Inch Metric Inch 

IS-A 2 3 
IS-B 3 
IS-C 4 
IS-D 5 
IS-E 6 


When bit 1 (FR3) of parameter No. 1405 is 1, the values in 
the table need to be incremented by 1. 

When calculator-type decimal notation is used (bit 0 (DPI) 
of parameter No. 3401 is set to 1), the number of decimal 
places is 0. 


AUP 
(No.3450#0) 
=0 





Increment system for 
the reference axis 



























































- 434 - 


B-63944EN/02 


[| 





PROGRAMMING 16.CUSTOM MACRO 


When a value is specified with no decimal point, the number of 
decimal places is determined as follows. 


Address For a non-axis For an axis 
address — 
H, M, Q, S, or T 
DorR a OTE mn ee 








A,B, C, |, J, K, U, V, W, X, Y, orZ og ANOLE?) 


Second auxiliary function le 


| Address Metric input__| inch input _| 
Es(GO8 mode) 
se ae 


NOTE 

1 a is determined according to the increment system for the 
reference axis (axis specified with parameter No. 1031) as 
listed in the table in NOTE 2. 

B is determined according to the increment system for the 
corresponding axis address as listed in the following table. 
Increment Linear axis Linear axis 
system (metric input) (inch input) 

IS-A 2 3 2 
IS-B 3 
IS-C 4 
IS-D 5 
IS-E 6 
When bit 7 (IPR) of parameter No. 1004 is set to 1, the above 
values from which 1 is subtracted are used. When the 
increment system for an axis is IS-A, however, the setting of 
bit 7 (IPR) of parameter No. 1004 is not effective. 
When calculator-type decimal notation for each axis is used 
(bit O (ADX) of parameter No. 3455 is set to 1), the number of 
decimal places is 0. When bit 7 (EAP) of parameter No. 
3452 is set to 1, however, calculator-type decimal notation is 
not effective and the number of decimal places is determined 
as listed in the above table. 





Rotation axis 
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NOTE 


3 y is determined according to the increment system for the 
reference axis (axis specified with parameter No. 1031) as 
listed in the following table. (When bit 7 (BDX) of parameter 
No. 3450 is set to 1, y is also determined in the same way.) 





AUP AUP(3450#0) = 1 
(No.3450#0) | AUX (No.3405#0) = 0 [AUX (No.3405#0) = 1 
=0 Metric Inch Metric Inch 
IS-A 2 
IS-B 3 
IS-C 4 
IS-D 5 
IS-E 6 6 
4 When bit 2 (FM3) of parameter No. 1404 is 1, the values in the 
table need to be incremented by 3. 

5 When calculator-type decimal notation is used (bit 0 (DPI) of 
parameter No. 3401 is set to 1), the number of decimal places 
is O. 





Increment system for| 
the reference axis 



























































- Call nesting 
Macro calls can be nested to a depth of up to five levels including 
simple calls (G65) and modal calls (G66/G66.1). Subprogram calls 
can be nested to a depth of up to 15 levels including macro calls. 
A macro program can also be called during MDI operation in the same 
way. 
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- Local variable levels 

e Local variables from level 0 to 5 are provided for nesting. 

e The level of the main program is 0. 

e Each time a macro is called (with G66, G66.1, Ggg, or Mmm), the 
local variable level is incremented by one. The values of the local 
variables at the previous level are saved in the CNC. 

e When M99 is executed in a macro program, control returns to the 
calling program. At that time, the local variable level is 
decremented by one; the values of the local variables saved when 
the macro was called are restored. 

Main program Macro Macro Macro Macro Macro 
(level 0) (level 1) (level 2) (level 3) (level 4) (level 5) 
00001 ; 00003 ; 00004 ; 00005 ; 
#1=1 ; : : : : 
G65 P2 A2; G65 P4 Ad: G65 P5 AS: G65 P6 AG; 


Local variables 


(level 0) (Level 1) (Level 2) (Level 3) (Level 4) (Level 5) 


#1 #1 


Le 
= 


#33 
Common variables 


#100-, #500- Variables that can be read from and written to by macros at different levels 
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Sample program (bolt hole circle) 


A macro is created which drills H holes at intervals of B degrees after 
a start angle of A degrees along the periphery of a circle with radius I. 
The center of the circle is (X,Y). Commands can be specified in 
either the absolute or incremental programming. 

To drill in the clockwise direction, specify a negative value for B. 








Center (X,Y) 


Radius | 





- Calling format 











G65 P9100 Xx Yy Zz Rr Ff li Aa Bb Hh; 





X : X coordinate of the center of the circle 

(absolute or incremental programming) ...........c:cecceceereeees (#24) 
Y : Y coordinate of the center of the circle 

(absolute or incremental programming) ...........c:ceseeseeereeees (#25) 
Zs Holedepthisis ccs aati cates aesigeveatsen chan ae enaeen ae (#26) 
R_: Coordinates of an approach point .........cccesceescceseceeeceeeeeeeeeees (#18) 
F 2 Cutting feedrate cca westeis. ccvvecsniveeccagas eee cdiees ibang eaceet ods obaateisethe (#9) 
IT: Radius of the circle... eccccecceesseeteeesceesceesseenecnsecneeneeeeenes (#4) 
A. : Drilling start angle 0.0.0... ccc ccccceseceeeceeeeeeeeeeceeeseeeseeeseeeeeeseees (#1) 
B_ : Incremental angle 

(clockwise when a negative value is specified) ...........ceeeee (#2) 
HLS Number of Noles .isc5. sees aetecd Saceawtesceedie sdk uses tice seivatewsstanetnet th (#11) 


- Program calling a macro program 
00002; 
G90 G92 XO YO 2100.0; 
G65 P9100 X100.0 Y50.0 R30.0 Z-50.0 F500 1100.0 AO B45.0 H5; 
M30; 
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- Macro program (called program) 
09100; 
HS=#40035 oe ceeeeeeeeees Stores G code of group 3. 
G81 Z#26 R#18 F#9 KO; ““°)... Drilling cycle. 
Juanes Renn an eek Note: LO can also be used. 


IF[#3 EQ 90]JGOTO 13.0.0... Branches to N1 in the G90 mode. 

#24=#50014#24; oe Calculates the X coordinate of the center. 

#25=#5002+#253 oo... Calculates the Y coordinate of the center. 

N1 WHILE[#11 GT 0]DO 1)...... Until the number of remaining holes reaches 0 

#5=#24+#4*COS[#1]} ............... Calculates a drilling position on the X-axis. 

#6=#25+#4*SIN[#1];..........0000 Calculates a drilling position on the Y-axis. 

G90 X#5 Y#6} ooo... ee Performs drilling after moving to the target 
position. 

PLS 32 ovoid bs sacs teh eed teks Updates the angle. 

FN 1 Fo (RE Decrements the number of holes. 

END 1; 

G#3 G805 ooo... eee eters Returns the G code to the original state. 

M99; 





Meaning of variables: 
#3: Stores the G code of group 3. 
#5: X coordinate of the next hole to drill 








#6: Y coordinate of the next hole to drill 
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Sample program (Drill cycle) 


Tr 





Move the tool beforehand along the X- and Z-axes to the position 
where a drilling cycle starts. Specify Z or W for the depth of a hole, 
K for the depth of a cut, and F for the cutting feedrate to drill the hole. 














=< Cutting 








eos. Rapid traverse 


- Calling format 





G65 P9100 Zz Kk Ff ; 
Ww 











: Hole depth (absolute programming) 

: Hole depth (incremental programming) 
: Cutting amount per cycle 

: Cutting feedrate 


AACN 


- Program calling a macro program 
00002; 
G50 X100.0 2200.0 ; 
G00 XO Z102.0 $1000 M03 ; 
G65 P9100 Z50.0 K20.0 FO0.3 ; 
G00 X100.0 Z200.0 M05 ; 
M30 
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- Macro program (called program) 
09100; 


IF [#23 NE #0] GOTO 1;. 


IF [#26 EQ #0] GOTO 8;. 
#23=#5002-#26 5.............. 
N1 #1=#14#6 50, 
IF [#1 LE #23] GOTO 2;. 


G01 W- [#1-#2] F#9 5....... 
G00 W#41 3... 
IF [#1 GE #23] GOTO 9 ;. 


N9 M99 


16.CUSTOM MACRO 


Clear the data for the depth of the current hole. 
Clear the data for the depth of the preceding 
hole. 

If incremental programming, specifies the jump 
to N1. 

If neither Z nor W is specified, an error occurs. 
Calculates the depth of a hole. 

Calculates the depth of the current hole. 
Determines whether the hole to be cut is too 
deep? 

Clamps at the depth of the current hole. 

Moves the tool to the depth of the preceding 
hole at the cutting feedrate. 

Drills the hole. 

Moves the tool to the drilling start point. 

Checks whether drilling is completed. 

Stores the depth of the current hole. 


N8 #3000=1 (NOT ZOR U COMMAND) Issues an alarm. 


SAAT 
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16.7.2 Modal Call: Call After the Move Command (G66) 


Explanation 
- Call 


- Cancellation 


- Call nesting 


- Modal call nesting 


Once G66 is issued to specify a modal call a macro is called after a 
block specifying movement along axes is executed. This continues 
until G67 is issued to cancel a modal call. 


G66 Pp L¢ <argument-specification> ; P : Number of the program to call 
¢ : Repetition count (1 by default) 
Argument : Data passed to the macro 


G66 P9100 L2 A1.0 B2 eT as Z-#1 ; 

G00 G90 i000 G01 Z-#2 F300 ; 
Y200.0 ; : 

X150.0 Y300°0 : 
G67 ; 


M30 ; P-—Age 











00001 ; 09100 ; 


























e After G66, specify at address P a program number subject to a 
modal call. 

e When a number of repetitions is required, a number from | to 
999999999 can be specified at address L. 

e As with a simple call (G65), data passed to a macro program is 
specified in arguments. 

e Inthe G66 mode, a macro or subprogram can be called. 


When a G67 code is specified, modal macro calls are no longer 
performed in subsequent blocks. 


Macro calls can be nested to a depth of up to five levels including 
simple calls (G65) and modal calls (G66/G66.1). Subprogram calls 
can be nested to a depth of up to 15 levels including macro calls. 


For a single modal call (when G66 is specified only once), each time 
the move command is executed, the specified macro is called. When 
nested modal macro calls are specified, the macro at the next higher 
level is called each time the move command for a macro call is 
executed. 

Macros are called in reverse order in which they are specified. Each 
time G67 is issued, the macros are canceled one by one in reverse 
order in which they are specified. 
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[Example] 
G66 P9100 ; 09100 ; 09200 ; 
X10.0; (1-1) Z50.0; (2-1) X60.0 ; (3-1) 
G66 P9200 ; Mg9g ; Y70.0 ; (3-2) 
X15.0; (1-2) Mg9g; 
G67; Cancels P9200. 
G67; Cancels P9100. 
X-25.0 ; (1-3) 


Execution order of the above program (blocks not containing the 
move command omitted) 
(1-1) (1-2) (1-3) 
(2-1) (3-1) (3-2) 
(2-1) (2-1) 
* No modal call is performed after (1-3) because the mode is not 
the macro call mode. 









































Limitation 

e G66 and G67 blocks are specified in pairs in the same program. 
If a G67 code is specified not in the G66 mode, an alarm PS1100 
occurs. Bit 0 (G67) of parameter No. 6000 can be set to 1 to 
specify that the alarm does not occur in this case. 

e In a G66 block, no macros can be called. Local variables 
(arguments) are set, however. 
G66 needs to be specified before any arguments. 

e No macros can be called in a block which contains a code such as a 
auxiliary function that does not involve movement along an axis. 

e Local variables (arguments) can only be set in G66 blocks. Note 
that local variables are not set each time a modal call is performed. 


NOTE 
If M99 is specified in a block in which a call is 


performed, it is executed after the call is 
performed. 
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Sample program 


- Calling format 


PROGRAMMING 


B-63944EN/02 


The same operation as the drilling canned cycle G81 is created using a 
custom macro and the machining program makes a modal macro call. 
For program simplicity, all drilling data is specified using absolute 


values. 





The canned cycle consists of the following 


basic operations: 


Operation 1: Positioning along the X-axis 


and Y-axis 


Operation 2: Rapid traverse to point R 
Operation 3: Cutting feed to point Z 


Operation 4: Rapid traverse to point R or | 


---} Rapid traverse 


——>_ Cutting feed 


Operation 1 


I 
Operation 2 : 
I 


Operation 3 





Point | 


Operation 4 
R_ PointR 


; 


Z=0 


Point Z 


G66 P9110 Zz Rr Ff LI; 


rmAN 


: Repetition count 


- Program that calls a macro program 


00001; 

G28 G91 X0 YO ZO; 
G92 X0 YO Z50.0; 

G00 G90 X100.0 Y50.0; 
G66 P9110 Z-20.0 R5.0 F500; 
G90 X20.0 Y20.0; 
X50.0; 

Y50.0; 

X70.0 Y80.0; 

G67; 

M30; 
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- Macro program (program called) 


09110; 
#1=#4001; oe Stores GO0/G01. 
#3=#40035 00. Stores G90/G91. 
H4=#41095 0 eee Stores the cutting feedrate. 
#5=#50035 000... eee Stores the Z coordinate at the start of drilling. 
G00 G90 2#183 ow. Positioning at position R 
G01 Z#26 FHO;..... Cutting feed to position Z 
IF[#4010 EQ 98]GOTO 1; Return to position | 
G00 Z#183 00 ee Positioning at position R 
GOTO 2; 

N1 GOO Z#53 000 ee Positioning at position | 

N2 G#1 G#3 F#4;................ Restores modal information. 
M99; 
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Sample program 


This program makes a groove at a specified position. 

















- Calling format 





G66 P9110 Uu Ff 








U : Groove depth (incremental programming) 
F : Cutting feed of grooving 


- Program that calls a macro program 
00003 ; 
G50 X100.0 2200.0 ; 
$1000 M03 ; 
G66 P9110 U5.0 F0.5 ; 
G00 X60.0 Z80.0 ; 
Z50.0 ; 
Z30.0 ; 
G67 ; 
G00 X00.0 2200.0 M05 ; 
M30; 


- Macro program (program called) 


09110 ; 

G01 U - #21 F#9;....... Cuts the workpiece. 
G00 U#21 5... Retracts the tool. 
M99 ; 
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16.7.3 Modal Call: Each Block Call (G66.1) 


Explanation 
- Call 


- Cancellation 


- Call nesting 


In this macro call mode, the specified macro is unconditionally called 
for each NC command block. All data other than O, file name, N, 
and G codes that is specified in each block is not executed and is used 
as arguments. (The G code in the block in which G66.1 is specified 
is not used as an argument. Only the last G code specified in 
subsequent blocks is used as an argument.) 

The NC command blocks having O or file name N have the same 
effect as when G65P is specified in the next position, the other NC 
command blocks have the same effect as when G65P is specified at 
the beginning. 


P : Number of the program to call 
¢ : Repetition count (1 by default) 
Argument : Data passed to the macro 


G66.1 Pp L& <argument-specification> ; 











09100 ; 


00001 ; ral 
G00 Z-#1 ; 


G01 Z-#2 F#9 ; 

















SSA co, 














[Example] 
In the G66.1 P100 ; mode, 
N001 GO1 G91 X100 Y200 D1 R1000 ; 
is the same as 
N001 G65 P100 GO1 G91 X100 Y200 D1 R1000 ; 


e After G66.1, specify at address P a program number subject to a 
modal call. 

e When a number of repetitions is required, a number from | to 
999999999 can be specified at address L. 

e As with a simple call (G65), data passed to a macro program is 
specified in arguments. 

e Inthe G66.1 mode, a macro or subprogram can be called. 


When a G67 code is specified, modal macro calls are no longer 
performed in subsequent blocks. 


Macro calls can be nested to a depth of up to five levels including 
simple calls (G65) and modal calls (G66/G66.1). Subprogram calls 
can be nested to a depth of up to 15 levels including macro calls. 
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- Modal call nesting 


PROGRAMMING B-63944EN/02 


For a single modal call (when G66.1 is specified only once), the 
specified macro is called for each NC command block. When nested 
modal macro calls are specified, the macro at the next higher level is 
also called in a block within a called macro in which an NC command 
is specified. 

Macros are called in reverse order in which they are specified. Each 
time G67 is issued, the macros are canceled one by one in reverse 
order in which they are specified. 


[Example] Axis specification switching 

N1 G66.1 P1000 X10.0 ; — Calls 01000 and executes Y10.0. 

N2 X20.0 ; — Calls 01000 and executes Y20.0. 

N3 G66.1 P2000 Y10.0 Z20.0; — Calls O2000 and executes Y20.0 
Z10.0. Then, calls 01000 and 
executes X20.0 Z10.0. 

N4 X10.0 Y20.0 Z30.0 ; — Calls 02000 and executes X10.0 
Y30.0 Z20.0. Then, calls 01000 and 
executes X30.0 Y10.0 220.0. 


N5 G67 ; — Cancels P2000. 
N6 G67 ; — Cancels P1000. 
01000 X#25 Y#24 Z#26 ; (X-Y switching) 
M99 ; 

02000 X#24 Y#26 Z#25 ; (Y-Z switching) 
M99 ; 


Execution order of the above program (blocks not containing the 
move command omitted) 


Calling program N1 N2 N3 N4 N5 N6 


Called 
programs 








01000 





























02000 




















In N1 and N2 blocks, 01000 is called and the X and Y specifications 
are made to change places. 

In N3 and N4 blocks, O2000 is called first and the Y and Z 
specifications are made to change places. For the switched 
specification, 01000 is called and the X and Y specifications are made 
to change places. Therefore, the X, Y, and Z specifications are 
switched to the Z, X, and Y specifications. 
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Limitation 
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G66.1 and G67 blocks are specified in pairs in the same program. 

If a G67 code is specified not in the G66.1 mode, an alarm PS1100 

occurs. Bit 0 (G67) of parameter No. 6000 can be set to 1 to 

specify that the alarm does not occur in this case. 

G66.1 block 

(a) Ina G66.1 block, a macro is called. 

(b) The correspondence between addresses specified as arguments 
and variables is the same as for simple calls. 


Block following a G66.1 block in which a call is performed (not 

including G66.1 blocks) 

(a) Addresses G, P, and L can also be used as arguments. 
Address G corresponds to #10; address L to #12; address P to 
#16. However, the restrictions on the input format of normal 
NC commands are put on the data. For example, ;G1000. 
P0.12 L-4 cannot be specified. 

(b) When multiple G codes are specified, only the last G code is 
used as an argument. O, file name, and N codes and G codes 
not in group 00 are passed to the next and subsequent blocks. 


NOTE 

1 In a block in which only an O number, file name, 
sequence number, EOB, macro statement, or M99 
command is specified, a macro is not called for 
each block. 
In each block, when an address other than O, file 
name, or N is specified, it is assumed to be an NC 


command and a macro is called for each block. 
When N is specified following an address other 
than O, file name, or N, it is used as an argument. 
In this case, N corresponds to variable #14 and the 
number of decimal places is 0. 

If M99 is specified in a block in which a macro is 
called, it is executed after the call is performed. 
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16.7.4 Macro Call Using a G Code 


Explanation 


By setting a G code number used to call a macro program in a 
parameter, the macro program can be called in the same way as for a 
simple call (G65). 








00001 ; 


G81 X10.0 Y20.0 Z-10.0 ; 
<x 


M30 ; 


























Parameter No.6050=81 








By setting a G code number from -9999 to 9999 used to call a custom 
macro program (09010 to 09019) in the corresponding parameter 
(No.6050 to No.6059), the macro program can be called in the same 
way as with G65. To call custom macro program 09040 to 09049 
using a G code with a decimal point, set bit 0 (DPG) of parameter No. 
6007 to | and set the G code number in the corresponding parameter 
(Nos. 6060 to 6069). 

The number of decimal places of a G code is 1. Set the value 
obtained by multiplying a desired G code number by 10 in the 
corresponding parameter. 

[Example] When parameter No. 6060 is set to 234, custom macro program 

09040 is called using G23.4. 


When a negative G code is set, a modal call is performed. In this 
case, bit 3 (MGE) of parameter No. 6007 can be set to select the G66 
or G66.1 mode. 

For example, when a parameter is set so that macro program 09010 
can be called with G81, a user-specific cycle created using a custom 
macro can be called without modifying the machining program. 
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- Correspondence between parameter numbers and program numbers 











G code with no decimal point G code with a decimal point 
Parameter number | Program number | Parameter number | Program number 
6050 09010 6060 09040 
6051 09011 6061 09041 
6052 09012 6062 09042 
6053 09013 6063 09043 
6054 09014 6064 09044 
6055 09015 6065 09045 
6056 09016 6066 09046 
6057 09017 6067 09047 
6058 09018 6068 09048 
6059 09019 6069 09049 




















- Repetition 
As with a simple call, a number of repetitions from 1 to 999999999 
can be specified at address L. 


- Argument specification 
As with a simple call, two types of argument specification are 
available: Argument specification I and argument specification II. 
The type of argument specification is determined automatically 
according to the addresses used. 


Limitation 
- Nesting of calls using G codes 
e To call another program in a program called using a G code, only 
G65, M98, G66, or G66.1 can be used normally. 
e When bit 6 (GMP) of parameter No. 6008 is set to 1, a call using 
an M, T, or S code, second auxiliary function, or specific code can 
be performed in a program called using a G code. 
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16.7.5 Macro Call Using a G Code (Specification of Multiple 
Definitions) 


By setting the starting G code number used to call a macro program, 
the number of the starting program to be called, and the number of 
definitions, macro calls using multiple G codes can be defined. 


Explanation 
As many custom macros as the number specified in parameter No. 
6040 can be called using as many G codes as the number specified in 
parameter No. 6040. The numeric value set in parameter No. 6038 
indicates the starting G code number and the program number set in 
parameter No. 6039 indicates the starting program number. To 
disable this type of call, set 0 in parameter No. 6040. 
When a negative G code is set in parameter No. 6038, modal calls are 
performed. In this case, bit 3 (MGE) of parameter No. 6007 can be 
set to select the G66 or G66.1 mode. 
The number of repetitions and argument specification are set in the 
same way as with a macro call using a G code. 
[Example] 
Set parameter No. 6038 to 900, parameter No. 6039 to 10000000, and 
parameter No. 6040 to 100. 
G900 — 010000000 
G901 — 010000001 
G902 — 010000002 


G999 — 010000099 
Custom macro calls (simple calls) for 100 combinations are defined as 
shown above. When parameter No. 6038 is changed to -900, custom 
macro calls (modal calls) for the same combinations are defined. 


NOTE 
1 The calls defined by this setting become all invalid in 
the following cases: 
<1> A value outside the valid data range is set in 
one of the above parameters. 
<2> (No. 6039 + No. 6040 - 1) > 99999999 


2 Simple and modal calls cannot be mixed in the 
specification. 

3 If the G code set in parameter Nos. 6050 to 6059 to 
call the corresponding macro program is within the 
G code range for calling programs using multiple G 
codes, the macro program corresponding to the G 
code set in parameter Nos. 6050 to 6059 is called. 
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16.7.6 Macro Call Using a G Code with a Decimal Point 
(Specification of Multiple Definitions) 


When bit 0 (DPG) of parameter No. 6007, by setting the starting G 
code number with a decimal point used to call a macro program, the 
number of the starting program to be called, and the number of 
definitions, multiple macro calls using multiple G codes with a 
decimal point can be defined. 


Explanation 
As many custom macros as the number specified in parameter No. 
6043 can be called using as many G codes with a decimal point as the 
number specified in parameter No. 6043. The numeric value set in 
parameter No. 6041 indicates the starting G code number with a 
decimal point and the program number set in parameter No. 6042 
indicates the starting program number. To disable this type of call, 
set 0 in parameter No. 6043. 
When a negative G code is set in parameter No. 6041, modal calls are 
performed. In this case, bit 3 (MGE) of parameter No. 6007 can be 
set to select the G66 or G66.1 mode. 
The number of repetitions and argument specification are set in the 
same way as with a macro call using a G code. 
[Example] 
Set parameter No. 6041 to 900, parameter No. 6042 to 2000, and 
parameter No. 6043 to 100. 
G90.0 — 02000 
G90.1 — 02001 
G90.2 — 02002 


G99.9 — 02099 
Custom macro calls (simple calls) for 100 combinations are defined as 
shown above. When parameter No. 6041 is changed to -900, custom 
macro calls (modal calls) for the same combinations are defined. 


NOTE 

1 The calls defined by this setting become all invalid in the 
following cases: 

<1> A value outside the valid data range is set in one of the 
above parameters. 

<2> (No. 6042 + No. 6043 - 1) > 99999999 

<3> Bit 0 (DPG) of parameter No. 6007 is set to 0 (this setting 
invalidates a macro call using a G code with a decimal 
point). 

2 Simple and modal calls cannot be mixed in the specification. 

3 If the G code set in parameter Nos. 6060 to 6069 to call the 
corresponding macro program is within the G code range for 
calling programs using multiple G codes, the macro program 
corresponding to the G code set in parameter Nos. 6060 to 6069 
is called. 
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16.7.7 Macro Call Using an M Code 


By setting an M code number used to call a macro program in a 
parameter, the macro program can be called in the same way as with a 
simple call (G65). 








00001 ; 


M50 .A1.0B2.0; 7 


- = 




















M30 ; 








Parameter No.6080=50 





Explanation 
By setting an M code number from 3 to 99999999 used to call custom 
macro program 09020 to 09029 in the corresponding parameter (Nos. 
6080 to 6089), the macro program can be called in the same way as 
with G65. 


- Correspondence between parameter numbers and program numbers 




















Parameter number Corresponding program number 
6080 09020 
6081 09021 
6082 09022 
6083 09023 
6084 09024 
6085 09025 
6086 09026 
6087 09027 
6088 09028 
6089 09029 
Example) 
When parameter No. 6080 is set to 990, 09020 is called using 
M990. 


- Repetition 
As with a simple call, a number of repetitions from 1 to 99999999 can 
be specified at address L. 


- Argument specification 
As with a simple call, two types of argument specification are 
available: Argument specification I and argument specification II. 
The type of argument specification is determined automatically 
according to the addresses used. 
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Limitation 
e An M code used to call a macro program must be specified at the 
start of a block. 
e To call another program in a program called using an M code, only 
G65, M98, G66, or G66.1 can be used normally. 
e When bit 6 (GMP) of parameter No. 6008 is set to 1, a call using a 
G code can be performed in a program called using an M code. 
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16.7.8 Macro Call Using an M Code (Specification of Multiple 
Definitions) 


By setting the starting M code number used to call a macro program, 
the number of the starting program to be called, and the number of 
definitions, macro calls using multiple M codes can be defined. 


Explanation 
As many custom macros as the number specified in parameter No. 
6049 can be called using as many M codes as the number specified in 
parameter No. 6049. The numeric value set in parameter No. 6047 
indicates the starting M code number and the program number set in 
parameter No. 6048 indicates the starting program number. To 
disable this type of call, set 0 in parameter No. 6049. 
The number of repetitions and argument specification are set in the 
same way as with a macro call using a M code. 
[Example] 
Set parameter No. 6047 to 9000, parameter No. 6048 to 4000, and 
parameter No. 6049 to 100. 
Mg0000000 — 04000 
Mg0000001 — 04001 
Mg0000002 — 04002 


Mg0000099 — 04099 
Custom macro calls (simple calls) for 100 combinations are defined as 
shown above. 


NOTE 
1 The calls defined by this setting become all invalid 
in the following cases: 
<1> A value outside the valid data range is set in 
one of the above parameters. 


<2> (No. 6048 + No. 6049 - 1) > 99999999 

2 If the M code set in parameter Nos. 6080 to 6089 
to call the corresponding macro program is within 
the M code range for calling programs using multiple 
M codes, the macro program corresponding to the M 
code set in parameter Nos. 6080 to 6089 is called. 
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16.7.9 Subprogram Call Using an M Code 


By setting an M code number used to call a subprogram (macro 
program) in a parameter, the macro program can be called in the same 
way as with a subprogram call (M98). 








00001 ; 
: =< 


M30 ; 


> 09001 ; 


























Parameter No.6071=03 





Explanation 
By setting an M code number from 3 to 99999999 used to call 
subprogram 09001 to 09009 in the corresponding parameter (No. 
6071 to 6079), the subprogram can be called in the same way as with 
M98. 


- Correspondence between parameter numbers and program numbers 











Parameter number Program number 
6071 09001 
6072 09002 
6073 09003 
6074 09004 
6075 09005 
6076 09006 
6077 09007 
6078 09008 
6079 09009 











- Repetition 
As with a simple call, a number of repetitions from 1 to 99999999 can 
be specified at address L. 


- Argument specification 
Argument specification is not allowed. 


- Mcode 


An M code in a macro program that has been called is treated as an 
ordinary M code. 


Limitation 
e To call another program in a program called using an M code, only 
G65, M98, G66, or G66.1 can be used normally. 
e When bit 6 (GMP) of parameter No. 6008 is set to 1, a call using a 
G code can be performed in a program called using an M code. 
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16.7.10 Subprogram Call Using an M Code (Specification of Multiple 
Definitions) 


By setting the starting M code number used to call a subprogram, the 
number of the starting subprogram to be called, and the number of 
definitions, subprogram calls using multiple M codes can be defined. 


Explanation 
As many subprograms as the number specified in parameter No. 6046 
can be called using as many M codes as the number specified in 
parameter No. 6046. The numeric value set in parameter No. 6044 
indicates the starting M code number and the numeric value set in 
parameter No. 6045 indicates the starting subprogram number. To 
disable this type of call, set 0 in parameter No. 6046. 
[Example] 
Set parameter No. 6044 to 80000000, parameter No. 6045 to 30000000, 
and parameter No. 6046 to 100. 
M80000000 — 03000 
M8s0000001 — 03001 
M80000002 — 03002 


M80000099 + 03099 
Subprogram calls for 100 combinations are defined as shown above. 


NOTE 
1 The calls defined by this setting become all invalid in 
the following cases: 
<1> A value outside the valid data range is set in 
one of the above parameters. 
<2> (No. 6045 + No. 6046 - 1) > 99999999 


2 lf the M code set in parameter Nos. 6071 to 6079 to 
call the corresponding subprogram is within the M 
code range for calling subprograms using multiple M 
codes, the subprogram corresponding to the M code 
set in parameter Nos. 6071 to 6079 is called. 





- 458 - 


B-63944EN/02 


PROGRAMMING 16.CUSTOM MACRO 


16.7.11 Subprogram Calls Using a T Code 


Explanation 
- Call 


- Repetition 


- Argument specification 


Limitation 


By enabling subprograms to be called with a T code in a parameter, a 
subprogram can be called each time the T code is specified in the 
machining program. 























00001 : __— > 09000 ; 
23: alll 

io< 5 
M30 : + M99 ; 











Bit 5 of parameter No. 6001 = 1 








By setting bit 5 (TCS) of parameter No. 6001 to 1, subprogram 09000 
can be called each time a T code is specified in a machining program. 
A T code specified in a machining program is assigned to common 
variable #149. 


As with a simple call, a number of repetitions from 1 to 99999999 can 
be specified at address L. 


Argument specification is not allowed. 


e To call another program in a program called using a T code, only 
G65, M98, G66, or G66.1 can be used normally. 

e When bit 6 (GMP) of parameter No. 6008 is set to 1, a call using a 
G code can be performed in a program called using a T code. 
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16.7.12 Subprogram Calls Using an S Code 


By enabling subprograms to be called with an S code in a parameter, a 
subprogram can be called each time the S code is specified in the 
machining program. 











00001 : ___+ os029: 
$23: eel 

io«< : 
M30 - Mg9 ; 























Bit 1 of parameter No. 6007 = 1 








Explanation 

- Call 
By setting bit 1 (SCS) of parameter No. 6007 to 1, subprogram 09029 
can be called each time a S code is specified in a machining program. 
An S code specified in a machining program is assigned to common 
variable #147. 

- Repetition 


As with a simple call, a number of repetitions from 1 to 99999999 can 
be specified at address L. 


- Argument specification 
Argument specification is not allowed. 


Limitation 
e To call another program in a program called using an S code, only 
G65, M98, G66, or G66.1 can be used normally. 
e When bit 6 (GMP) of parameter No. 6008 is set to 1, a call using a 
G code can be performed in a program called using an S code. 
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16.7.13 Subprogram Calls Using a Secondary Auxiliary Function 


By enabling subprograms to be called with a secondary auxiliary 
function in a parameter, a subprogram can be called each time the 
secondary auxiliary function is specified in the machining program. 











00001 ; |_—> 09028 ; 
B23 ; all 

ix 
M30 ; Mg9 ; 























Bit 2 of parameter No. 6007 = 1 











Explanation 

- Call 
By setting bit 2 (BCS) of parameter No. 6007 to 1, subprogram 09028 
can be called each time a secondary auxiliary function code is 
specified in a machining program. A secondary auxiliary function 
specified in a machining program is assigned to common variable 
#146. 

- Repetition 


As with a simple call, a number of repetitions from 1 to 99999999 can 
be specified at address L. 


- Argument specification 
Argument specification is not allowed. 


Limitation 
e To call another program in a program called using a second 
auxiliary function, only G65, M98, G66, or G66.1 can be used 
normally. 
e When bit 6 (GMP) of parameter No. 6008 is set to 1, a call using a 
G code can be performed in a program called using a second 
auxiliary function. 
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16.7.14 Subprogram Call Using a Specific Address 


By enabling subprograms to be called with a specific address in a 
parameter, a subprogram can be called each time the specific address 
is specified in the machining program. 











00001 ; 


(> 09004 ;(#146=100.) 


B100. ; 


< 




















M30 ; 








Parameter No.6090=66(B) 





Explanation 

- Call 
By setting the code (ASCII code converted to decimal) corresponding 
to a specific address in parameter No. 6090 or No. 6091, the custom 
macro program, 09004 or 09005, corresponding to each parameter 
can be called when the specific address is specified in a machining 
program. The code value corresponding to a specific address 
specified in a machining program is assigned to the common variables 
(#146, #147). The table below indicates the addresses that can be 
set. 





Address Parameter setting 
65 
66 
68 
70 
72 
73 
74 
75 
76 
77 
80 
81 
82 
83 
84 
86 
88 
89 
90 



























































NI<|/X|/</AIO/DIO;ViJs|/KH JAC ]—|LyjTMjOl|wyyS 














NOTE 


When address L is set, the number of repetitions 
cannot be set. 
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[| 








Address Parameter setting 
65 
66 
70 
72 
73 
74 
75 
76 
77 
80 
81 
82 
83 
84 





















































AIM |DIOl|ViJE|CJAJsc]—J/Ljnjwy/>S 





NOTE 


When address L is set, the number of repetitions 
cannot be set. 





- Correspondence between parameter numbers and program numbers and 
between the parameter numbers and common variables 

















Parameter number Program number Common variable 
6090 09004 #146 
6091 09005 #147 








- Repetition 
As with a simple call, a number of repetitions from 1 to 99999999 can 
be specified at address L. 


- Argument specification 
Argument specification is not allowed. 


Limitation 
e To call another program in a program called using a specific code, 
only G65, M98, G66, or G66.1 can be used normally. 
e When bit 6 (GMP) of parameter No. 6008 is set to 1, a call using a 
G code can be performed in a program called using a specific code. 


Sample program 
By using the subprogram call function that uses M codes, the 
cumulative usage time of each tool is measured. 


Conditions 
e The cumulative usage time of each of tools TO1 to TO05 is 
measured. 
No measurement is made for tools with numbers greater than TOS. 
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e The following variables are used to store the tool numbers and 
measured times: 


#501 
#502 
#503 
#504 
#505 





e Usage time starts being counted when the M03 command is 
specified and stops when M05 is specified. System variable 
#3002 is used to measure the time during which the cycle start 
lamp is on. The time during which the machine is stopped by 
feed hold and single block stop operation is not counted, but the 
time used to change tools and pallets is included. 


Operation check 
- Parameter setting 
Set 3 in parameter No.6071, and set 5 in parameter No.6072. 


- Variable value setting 
Set 0 in variables #501 to #505. 
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- Program that calls a macro program 
00001; 
TO1 MO6; 
Mo3; 


T02 M06; 
M03; 


T03 M06; 
M03; 


T04 M06; 
M03; 


TO5 M06; 
M03; 


- Macro program (program called) 
09001(M03); 
M01; 


09002(M05); 
M04; 
IF[#4120 EQ 0]GOTO 9; 
IF[#4120 GT 5]GOTO 9; 


#[500+#4120]=#3002+#[500+#4120]; 
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Changes #501. 


Changes #502. 


Changes #503. 


Changes #504. 


Changes #505. 


Macro to start counting 


No tool specified 
Out-of-range tool number 
Clears the timer. 
Rotates the spindle in the 
forward direction. 


oil Bee phage tet Macro to end counting 

No tool specified 
Out-of-range tool number 
Calculates cumulative time. 


Stops the spindle. 
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16.8 PROCESSING MACRO STATEMENTS 


For smooth machining, the CNC prereads the NC statement to be 
performed next. This operation is referred to as buffering. For 
example, many NC statements are buffered during acceleration/ 
deceleration before interpolation. 

In the cutter compensation mode (G41 or G42), the CNC prereads the 
NC statements at least three blocks ahead to find intersections even if 
acceleration/deceleration before interpolation is not applied. 

Macro statements for arithmetic expressions and conditional branches 
are processed as soon as they are read into the buffer. Therefore, the 
timing of the macro statement execution is not always the specified 
order. 

At the blocks containing M00, M01, M02 or M30, blocks containing 
M-codes for which buffering is suppressed by setting parameter 
(No.3411 to 3420 and No.3421 to 3432), and blocks containing 
prevention buffering G codes such as G31, the CNC stops to preread 
the NC statement after that. Then, the stop of the macro statement 
execution is guaranteed until such M codes or G codes complete its 
execution. 


Explanation 
- When the next block is not buffered (M codes that are not buffered, G31, etc.) 





> N1G31X100.0; N1 
N2 #100=1 NC statement H-———_] 


execution | 


N2 


Macro statement execution |}——_] 











> :Block being executed 





Buffer 


A\CAUTION 

In case that you need to execute the macro 
statement after completing the block just before the 
macro statement, specify M code or G code that is 
not buffered just before the macro statement. 
Specially, in case of reading/writing the system 
variables to control signals, coordinates, offset 
value, etc., it may different system variable data by 
the timing of the NC statement execution. To avoid 
this phenomenon, specify such M codes or G 
codes before the macro statement, if necessary. 
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- Buffering the next block in other than cutter compensation mode (G41, G42) 


> Nt X100.0 ; NC statement zi M 


execution 
N2 #1=100; \ 
N3 #2=200 ; 


N4 Y200.0: Macro statement N2_N3 


execution 














Buffer N4 
KH 





: Block being executed 
: Block read into the buffer 























When N1 is being executed, the next NC statement (N4) is read into 
the buffer. The macro statements (N2, N3) between N1 and N4 are 
processed during execution of N1. 


- In cutter compensation mode (G41, G42) 
> N1 G01 G41 X100.0 F100 Dd ; 











N2 #1=100 ; 
N3 Y100.0 ; 
N4 #2=200 ; 
N5 Y150.0 ; 
N6 #3=300 ; 
N7 X200.0 ; 


>: Block being executed 
: Blocks read into the buffer 





























N1 N3 
NC statement b-—-RASNYm_ +— 


execution 
Macro statement pw 4 ae py 
execution | } i i | 


Buffer N3 | NS | N7 





When N1 is being executed, the NC statements in the next three 
blocks (up to N7) are read into the buffer. The macro statements (N1, 
N4, N6) between N1 and N7 are processed during execution of N1. 
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16.9 REGISTERING CUSTOM MACRO PROGRAMS 


Custom macro programs are similar to subprograms. They can be 
registered and edited in the same way as subprograms. The storage 
capacity is determined by the total length of tape used to store both 
custom macros and subprograms. 
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16.710 CODES AND RESERVED WORDS USED IN CUSTOM 
MACROS 


In addition to the codes used in ordinary programs, the following 
codes are used in custom macro programs. 


Explanation 
- Codes 


(1) When the ISO code is used or when bit 4 (ISO) of parameter No. 


6008 is set to 0 
(The codes are represented in hexadecimal.) 





(2) When the EJA code is used or when the ISO code is used with bit 
4 (ISO) of parameter No. 6008 set to 1 


| = CT Coode set in parameter No.6011_ | 


Code set in parameter No. 6014 


Code set in parameter No. 6015 
Code set in parameter No. 6016 
Code set in parameter No. 6017 
Code set in parameter No. 6018 














For O, the same code as for O indicating a program number is used. 
Set a hole pattern for each of *, =, #, [, ], ?, @, &, and _ in the ISO or 
EIA code in the corresponding parameter (Nos. 6010 to 6018). 

The code 00h cannot be used. The code indicating an alphabetic 
character can be used for the code indicating a character listed above, 
but the code can be no longer used to indicate the original character. 
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- Reserved words 


The following reserved words are used in custom macros: 
AND, OR, XOR, MOD, EQ, NE, GT, LT, GE, LE, 
SIN, COS, TAN, ASIN, ACOS, ATAN, ATN, SQRT, SQR, ABS, 
BIN, BCD, ROUND, RND, FIX, FUP, LN, EXP, POW, ADP, IF, 
GOTO, WHILE, DO, END, BPRNT, DPRNT, POPEN, PCLOS, 
SETVN 
System variable (constant) names and registered common variable 
names are also used as reserved words. 
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16.1171 EXTERNAL OUTPUT COMMANDS 


Explanation 


- Open command POPEN 


In addition to the standard custom macro commands, the following 
macro commands are available. They are referred to as external 
output commands. 

e BPRNT 

e DPRNT 

e POPEN 

e PCLOS 

These commands are provided to output variable values and characters 
through the reader/puncher interface. 


Specify these commands in the following order: 


Open command: POPEN 
Before specifying a sequence of data output commands, specify 
this command to establish a connection to an external input/output 
device. 

Data output command: BPRNT or DPRNT 
Specify necessary data output. 

Close command: PCLOS 
When all data output commands have completed, specify PCLOS 
to release a connection to an external input/output device. 


The POPEN command establishes a connection to an external 
input/output device. It must be specified before a sequence of data 
output commands. The CNC outputs a DC2 control code. 


- Data output command BPRNT 


The BPRNT command outputs characters and variable values in 
binary. 


BPRNT[a #b c]...] 
Number of significant decimal places 


Variable 


Character 


Agi 
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(i) Specified characters are converted to the codes according to the 
setting data (ISO) that is output at that time. 
Specifiable characters are as follows: 
e Letters (A to Z) 
e Numbers 
e Special characters (*, /, +, -,?, @, &, _) 


NOTE 
1 An asterisk (*) is output by a space code. 


2 When using ?, @, &, and/or _, use the ISO code as 
the punch code (setting 





(ii) All variables are stored with a decimal point. Specify a variable 
followed by the number of significant decimal places enclosed in 
brackets. A variable value is treated as 2-word (32-bit) data, 
including the decimal digits. It is output as binary data starting 
from the highest byte. 

(iii) When specified data has been output, an EOB code is output 
according to the setting code (ISO). 

(iv) <Null> variables are regarded as 0. 


Example 
BPRNT [ C** X#100 [3] Y#101 [3] M#10 [0] ] 
Variable value 
#100=0.40956 
#101=-1638.4 
#10=12.34 


are output as follows: 


C3 AO AO D8 00 00 01 9A 59 FF E7 00 00 4D 00 00 00 0C 0A 

Ss Ne I et L 

C pp) X0000019A  YFFE70000 MO0000000C_ LF 
(**) (410) (-1638400) (12) (:) 





- Data output command DPRNT 
DPRNT [a #b — [ce dd]... ] 


Number of significant decimal places 


Number of significant digits in the integer part 


Variable 


Character 


The DPRNT command outputs characters and each digit in the value 
of a variable according to the code set in the settings (ISO). 
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(i) For an explanation of the DPRNT command, see Items (i), (iii), 
and (iv) for the BPRNT command. 

(11) When outputting a variable, specify # followed by the variable 
number, then specify the number of digits in the integer part and 
the number of decimal places enclosed in brackets. 

For the value of a variable, as many codes as the specified 
number of digits are output according to the settings one by one, 
starting with the highest digit. The decimal point is also output 
using the set code. 

Each variable must be a numeric value consisting of up to nine 
digits. When high-order digits are zeros, these zeros are not 
output if PRT (bitl of parameter 6001) is 1. If parameter PRT 
is 0, a space code is output each time a zero is encountered. 
When the number of decimal places is not zero, digits in the 
decimal part are always output. If the number of decimal places 
is zero, no decimal point is output. 

When PRT (bit 1 of parameter 6001) is 0, a space code is output 
to indicate a positive number instead of +; if parameter PRT is 1, 
no code is output. 


Example 
DPRNT [ X#2 [53] Y#5 [53] T#30 [20] ] 
Variable value 
#2=128.47398 
#5=-91.2 
#30=123.456 
are output as follows: 


(1) Parameter PRT (No.6001#1) = 0 


D8 AO AO AO B1 B2 B8 2E B4 B7 B4 59 2D AO AO AO 39 B1 2E B2 30 30 D4 AO B2 33 0A 


ON gg a) a ee ee 
X Gp6pGp) 128.474 Y- GpGp Gp) 91.200 T 6p) 023 LF 


(2) Parameter PRT (No.6001#1) = 1 


D8 B1 B2 B8 2E B4 B7 B4 59 2D 39 B1 2E B2 30 30 D4 AO B2 33 0A 
X128.474 Y-91.200 T023 LF 
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- Close command PCLOS 


- Required setting 
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The PCLOS command releases a connection to an _ external 
input/output device. Specify this command when all data output 
commands have terminated. DC4 control code is output from the 
CNC. 


Specify the specification number of an input/output device to be used 
for the I/O device specification number. 

According to the above settings, set data items (such as the baud rate) 
for the reader/puncher interface. 

Never specify the output device FANUC Cassette or Floppy for 
punching. 

When specifying a DPRNT command to output data, specify whether 
leading zeros are output as spaces (by setting PRT (bit 1 of parameter 
6001) to 1 or 0). 

To indicate the end of a line of data in ISO code, specify whether to 
use only an LF (CRO, of bit 4 of parameter 6001 is 0) or an LF and 
CR (CRO of bit 4 of parameter 6001 is 1). 


NOTE 

1 It is not necessary to always specify the open 
command (POPEN), data output command 
(BPRNT, DPRNT), and close command (PCLOS) 
together. Once an open command is specified at 
the beginning of a program, it does not need to be 
specified again except after a close command was 
specified. 
Be sure to specify open commands and close 
commands in pairs. Specify the close command 
at the end of the program. However, do not 
specify a close command if no open command has 
been specified. 
When a reset operation is performed while 
commands are being output by a data output 
command, output is stopped and subsequent data 
is erased. Therefore, when a reset operation is 
performed by a code such as M30 at the end of a 
program that performs data output, specify a close 
command at the end of the program so that 
processing such as M30 is not performed until all 
data is output. 
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16.12 RESTRICTIONS 





- Sequence number search 
A custom macro program cannot be searched for a sequence number. 


- Single block 
Even while a macro program is being executed, blocks can be stopped 
in the single block mode. 
A block containing a macro call command (G66, G66.1, Ggg, Mmm, 
or G67) does not stop even when the single block mode is on. 
Whether blocks containing arithmetic and logic operation commands 
and control commands are stopped depends on the settings of bits 5 
(SBM) and 7 (SBV) of parameter No. 6000 as shown in the following 
table. 


Bit 5 (SBM) of parameter No. 6000 
0 1 

Not stopped when the Can be stopped in the 
single block mode is on. single block mode. 
Can be stopped in the (Variable #3003 cannot be 
single bock mode. used to disable single 
(Variable #3003 can be block stop. Single block 
used to enable or disable | stop is always enabled.) 
single block stop.) 








Bit 7 (SBV) 


of 
parameter 
No. 6000 











Note that when a single block stop occurs at a macro statement in 
cutter compensation mode, the statement is assumed to be a block that 
does not involve movement, and proper compensation cannot be 
performed in some cases. (Strictly speaking, the block is regarded as 
specifying a movement with a travel distance 0.) 


- Optional block skip 
A / appearing in the middle of an <expression> (enclosed in brackets 
[ ] on the right-hand side of an arithmetic expression) is regarded as 


a division operator; it is not regarded as the specifier for an optional 
block skip code. 


- Operation in EDIT mode 

By setting NE8 (bit 0 of parameter 3202) and NE9 (bit 4 of parameter 
3202) to 1, deletion and editing are disabled for custom macro 
programs and subprograms with program numbers 8000 to 8999 and 
9000 to 9999. This prevents registered custom macro programs and 
subprograms from being destroyed by accident. When the entire 
memory is cleared, the contents of memory such as custom macro 
programs are deleted. 
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- Reset 
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With a reset operation, local variables and common variables #100 to 
#199 are cleared to null values. They can be prevented from clearing 
by setting CCV (bit 6 of parameter 6001). System variables #100 to 
#199 are not cleared. 

A reset operation clears any called states of custom macro programs 
and subprograms, and any DO states, and returns control to the main 
program. 


- Display of the PROGRAM RESTART 


- Feed hold 


- DNC operation 


As with M98, the M and T codes used for subprogram calls are not 
displayed. 


When a feed hold is enabled during execution of a macro statement, 
the machine stops after execution of the macro statement. The 
machine also stops when a reset or alarm occurs. 


The control commands (such as GOTO and WHILE-DO) cannot be 
executed during DNC operation. 

However, this restriction is removed when a program registered in 
program memory is called during DNC operation. 


- Constant values that can be used in <expression> 


+0.00000000001 to +999999999999 

-999999999999 to -0.00000000001 

The number of significant digits is 12 (decimal). 
If this range is exceeded, an alarm PS0012 occurs. 
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INTERRUPTION TYPE CUSTOM MACRO 





Format 


Explanation 


When a program is being executed, another program can be called by 
inputting an interrupt signal (UINT) from the machine. 

This function is referred to as an interruption type custom macro 
function. Program an interrupt command in the following format: 








M96PXxxXxxxxx ; Enables custom macro interrupt 





M97 ; Disables custom macro interrupt 





Use of the interruption type custom macro function allows the user to 

call a program during execution of an arbitrary block of another 

program. This allows programs to be operated to match situations 
which vary from time to time. 

(1) When a tool abnormality is detected, processing to handle the 
abnormality is started by an external signal. 

(2) A sequence of machining operations is interrupted by another 
machining operation without the cancellation of the current 
operation. 

(3) At regular intervals, information on current machining is read. 
Listed above are examples like adaptive control applications of 
the interruption type custom macro function. 

! 
M96 PXxxxxxxxx; 


Interrupt signal 
(UINT) * O XXXXXXXX; 


I 
nterrupt signal ! 
, (UINT) * : 
I 


M99 (PXxxxxxxx) ; 


M97 ; Interrupt signal 


ae (UINT) * 





Fig 16.13 (a) Interruption type custom macro function 


When M96Pxxxx is specified in a program, subsequent program 
operation can be interrupted by an interrupt signal (UINT) input to 
execute the program specified by Pxxxx. When the interrupt signal 
(UINT, marked with an asterisk (*) in Fig 16.13 (a)) is input during 
execution of the interrupt program or after M97, it is ignored. 


“Aq 
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16.13.1 Specification Method 


Explanation 
- Interrupt conditions 


- Specification 





A custom macro interrupt is available only during program execution. 

It is enabled under the following conditions 

e When memory operation, DNC operation, or MDI operation is 
selected 

e When STL (start lamp) is on 

e When a custom macro interrupt is not currently being processed 

A macro interrupt cannot be performed during manual operation. 


Generally, the custom macro interrupt function is used by specifying 
M96 to enable the interrupt signal (UINT) and M97 to disable the 
signal. 

Once M96 is specified, a custom macro interrupt can be initiated by 
the input of the interrupt signal (UINT) until M97 is specified or the 
CNC is reset. After M97 is specified or the CNC is reset, no custom 
macro interrupts are initiated even when the interrupt signal (UINT) is 
input. The interrupt signal (UINT) is ignored until another M96 
command is specified. 


Interrupt signal 


(UINT) 


Effective interrupt 


input signal 
When UINT is kept on 


The interrupt signal (UINT) becomes valid after M96 is specified. 
Even when the signal is input in M97 mode, it is ignored. When the 
signal input in M97 mode is kept on until M96 is specified, a custom 
macro interrupt is initiated as soon as M96 is specified (only when the 
status-triggered scheme is employed); when the edge-triggered 
scheme is employed, the custom macro interrupt is not initiated even 
when M96 is specified. 


NOTE 
For the’ status-triggered and _  edge-triggered 


schemes, see Item "Custom macro interrupt signal 
(UINT)" of II-16.13.2. 
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16.13.2 Details of Functions 


Explanation 
- Subprogram-type interrupt 


- M codes for custom macro 


and macro-type interrupt 
There are two types of custom macro interrupts: Subprogram-type 


interrupts and macro-type interrupts. The interrupt type used is 
selected by MSB (bit 5 of parameter 6003). 


(a) Subprogram-type interrupt: When MSB (bit 5 of parameter 
6003) is set to 1 
An interrupt program is called as a subprogram. 
This means that the levels of local variables remain unchanged 
before and after the interrupt. 
This interrupt is not included in the nesting level of subprogram 
calls. 

(b) Macro-type interrupt: When MSB (bit 5 of parameter 6003) is 
set to 0 
An interrupt program is called as a custom macro. 
This means that the levels of local variables change before and 
after the interrupt. 
The interrupt is not included in the nesting level of custom macro 
calls. 
When a subprogram call or a custom macro call is performed 
within the interrupt program, this call is included in the nesting 
level of subprogram calls or custom macro calls. 
Arguments cannot be passed from the current program even 
when the custom macro interrupt is a macro-type interrupt. The 
local variables immediately after interruption are all cleared to 
null. 


interrupt control 

In general, custom macro interrupts are controlled by M96 and M97. 
However, these M codes, may already being used for other purposes 
(such as an M function or macro M code call) by some machine tool 
builders. 

For this reason, MPR (bit 4 of parameter 6003) is provided to set M 
codes for custom macro interrupt control. 

When specifying this parameter to use the custom macro interrupt 
control M codes set by parameters, set parameters 6033 and 6034 as 
follows: 

Set the M code to enable custom macro interrupts in parameter 6033, 
and set the M code to disable custom macro interrupts in parameter 
6034. 

When specifying that parameter-set M codes are not used, M96 and 
M97 are used as the custom macro control M codes regardless of the 
settings of parameters 6033 and 6034. 

The M codes used for custom macro interrupt control are processed 
internally (they are not output to external units). However, in terms 
of program compatibility, it is undesirable to use M codes other than 
M96 and M97 to control custom macro interrupts. 
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- Custom macro interrupts and NC statements 

When performing a custom macro interrupt, the user may want to 
interrupt the NC statement being executed, or the user may not want to 
perform the interrupt until the execution of the current block is 
completed. MIN (bit 2 of parameter 6003)is used to select whether 
to perform interrupts even in the middle of a block or to wait until the 
end of the block. The type of interrupt performed even in the middle 
of a block is called type I and the type of interrupt performed at the 
end of the block is called type II. 


/A\ CAUTION 


For interrupt type |, operation after control is 
returned differs depending on whether the interrupt 
program contains an NC statement. 

When the program number block contains EOB (;), 
it is assumed to contain an NC statement. 


(Program containing an (Program containing no 
NC statement) NC statement) 


00013; 00013#101=#5041; 
#101=#5041; #102=#5042:; 
#102=#5042:; #103=#5043; 
#103=#5043; M99; 

Mg9; 





Type | (when an interrupt is performed even in the middle of a block) 


(1) 


(ii) 


(iii) 





When the interrupt signal (UINT) is input, any movement or 
dwell being performed is stopped immediately and the interrupt 
program is executed. 

If there are NC statements in the interrupt program, the command 
in the interrupted block is lost and the NC statement in the 
interrupt program is executed. When control is returned to the 
interrupted program, the program is restarted from the next block 
after the interrupted block. 

If there are no NC statements in the interrupt program, control is 
returned to the interrupted program by M99, then the program is 
restarted from the command in the interrupted block. 








Interrupted by macro interrupt 


Execution in progress 


Normal program 


CNC command restart; 
Interrupt signal when there are no NC 
(UINT) input statements in the interrupt 
program 


Execution in prog ress / 


Custom macro interrupt 


Fig. 16.13 (b) Custom macro interrupt and NC command (type 1!) 
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Type II (when an interrupt is performed at the end of the block) 


(1) 


(ii) 





If the block being executed is not a block that consists of several 
cycle operations such as a drilling canned cycle and automatic 
reference position return (G28), an interrupt is performed as 
follows: 

When an interrupt signal (UINT) is input, macro statements in 
the interrupt program are executed immediately unless an NC 
statement is encountered in the interrupt program. NC 
statements are not executed until the current block is completed. 
If the block being executed consists of several cycle operations, 
an interrupt is performed as follows: 

When the last movement in the cycle operations is started, macro 
statements in the interrupt program are executed unless an NC 
statement is encountered. NC statements are executed after all 
cycle operations are completed. 


Execution in progress 


Normal program 





Interrupt signal (UINT) input 


Execution in aoe 


Custom macro interrupt | NC statement in the interrupt 


[program 

















Fig. 16.13 (c) Custom macro interrupt and NC command (type Il) 


NOTE 


During execution of a program for cycle operations, 
interrupt type Il is performed regardless of whether 
bit 2 (MIN) of parameter No. 6003 is set to O or 1. 
Cycle operations are available for the following 
functions: 
<1> Automatic reference position return 
<2> Cutter or tool nose radius compensation 
(generating multiple blocks using the specified 
block such as when the tool moves around the 
outside of an acute angle) 
Canned cycle 
Automatic tool length measurement 
Optional chamfering/corner R 
Exponential interpolation 
Normal direction control 
Cutting point interpolation for cylindrical 
interpolation 
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[7 





NOTE 
During execution of a program for cycle operations, 
interrupt type Il is performed regardless of whether 
bit 2 (MIN) of parameter No. 6003 is set to O or 1. 
Cycle operations are available for the following 
functions: 
<1> Automatic reference position return 
<2> Cutter or tool nose radius compensation 
(generating multiple blocks using the specified 
block such as when the tool moves around the 
outside of an acute angle) 
Canned cycle (No interruption type custom 
macro can be used during execution of a 
multiple repetitive canned turning cycle, 
however.) 
Automatic tool length measurement 
Chamfering/corner R 
Exponential interpolation 
Cutting point interpolation for cylindrical 
interpolation 





- Conditions for enabling and disabling the custom macro interrupt signal 

The interrupt signal becomes valid after execution starts of a block 
that contains M96 for enabling custom macro interrupts. The signal 
becomes invalid when execution starts of a block that contains M97. 
While an interrupt program is being executed, the interrupt signal 
becomes invalid. The signal become valid when the execution of the 
block that immediately follows the interrupted block in the main 
program is started after control returns from the interrupt program. 
In type I, if the interrupt program consists of only macro statements, 
the interrupt signal becomes valid when execution of the interrupted 
block is started after control returns from the interrupt program. 


- Custom macro interrupt signal (UINT) 

There are two schemes for custom macro interrupt signal (UINT) 
input: The status-triggered scheme and edge-triggered scheme. 
When the status-triggered scheme is used, the signal is valid when it is 
on. When the edge triggered scheme is used, the signal becomes 
valid on the rising edge when it switches from off to on status. 

One of the two schemes is selected with TSE (bit 3 of parameter 
6003). 
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When the status-triggered scheme is selected by this parameter, a 
custom macro interrupt is generated if the interrupt signal (UINT) is 
on at the time the signal becomes valid. By keeping the interrupt 
signal (UINT) on, the interrupt program can be executed repeatedly. 


When the edge-triggered scheme is selected, the interrupt signal 
(UINT) becomes valid only on its rising edge. Therefore, the 
interrupt program is executed only momentarily (in cases when the 
program consists of only macro statements). When the 
status-triggered scheme is inappropriate, or when a custom macro 
interrupt is to be performed just once for the entire program (in this 
case, the interrupt signal may be kept on), the edge-triggered scheme 
is useful. 


Except for the specific applications mentioned above, use of either 
scheme results in the same effects. The time from signal input until a 
custom macro interrupt is executed does not vary between the two 
schemes. 


In the example shown in Fig 16.13 (d), an interrupt is executed four 
times when the status-triggered scheme is used; when the 
edge-triggered scheme is used, the interrupt is executed just once. 



























Interrupt signal (UINT) | Interrupt 


execution 


Interrupt 
execution 


Interrupt 
execution _ | Interrupt 


execution 











Status-triggered scheme 





Interrupt execution 


x 














Edge-triggered scheme 





Fig. 16.13 (d) Custom macro interrupt signal 
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- Return from a custom macro interrupt 
To return control from a custom macro interrupt to the interrupted 
program, specify M99. A sequence number in the interrupted 
program can also be specified using address P. If this is specified, 
the program is searched from the beginning for the specified sequence 
number. Control is returned to the first sequence number found. 


NOTE 
When an M99 block consists only of address O, N, 
P, L, or M, this block is regarded as belonging to 
the previous block in the program. Therefore, a 
single-block stop does not occur for this block. In 


terms of programming, the following <1> and <2> 
are basically the same. (The difference is whether 
Gxx is executed before M99 is recognized.) 
<1> GxXx XXxx ; 

Mg9 ; 
<2> Gxx Xxxx M99 ; 
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- Custom macro interrupt and modal information 

A custom macro interrupt is different from a normal program call. It 
is initiated by an interrupt signal (UINT) during program execution. 
In general, any modifications of modal information made by the 
interrupt program should not affect the interrupted program. 

For this reason, even when modal information is modified by the 
interrupt program, the modal information before the interrupt is 
restored when control is returned to the interrupted program by M99. 


When control is returned from the interrupt program to the interrupted 
program by M99 Pxxxxxxxx, however, modal information can again 
be controlled by the program. In this case, the new continuous 
information modified by the interrupt program is passed to the 
interrupted program. 


In this case, take the following action as required: 

<1> The interrupt program provides modal information to be used 
after control is returned to the interrupted program. 

<2> After control is returned to the interrupted program, modal 
information is specified again as necessary. 


OAAAA 


M96 PXxxxxxxx ; OXXXXXXXX } 


Interrupt signal (UINT) 


Modify modal information 


| (Without P specification) 


Modal information remains : 
: unchanged before and after M99 (PXXxxxXXXxx) ; 
i the interrupt. 


ee (With P specification) 


NXXXXxXxXxxX ; <i 


The new modal information modified by the interrupt program is present. 





Fig. 16.13 (e) Custom macro interrupt and modal information 
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Modal information when control is returned by M99 
The modal information present before the interrupt becomes valid. 
The new modal information modified by the interrupt program is 
made invalid. 


Modal information when control is returned by M99 Pxxxxxxxx 
The new modal information modified by the interrupt program 
remains valid even after control is returned. 


Modal information which was valid in the interrupted block 


The old modal information which was valid in the interrupted block 
can be read using custom macro system variables #4401 to #4530. 


: Modal information which was valid when a custom 
System variable : 
macro interrupt was generated 


G code (group 01) 


G code (group 21) 
B code 

D code 

E code 

F code 

H code 

M code 

Sequence number 
Program number 
S code 

T code 

Additional workpiece coordinate system number 


: Modal information which was valid when a custom 
System variable : 
macro interrupt was generated 


G code (group 01) 


G code (group 21) 

E code 

F code 

M code 

Sequence number 

Program number 

S code 

T code 

Additional workpiece coordinate system number 
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- System variables (position information values) for the interrupt program 
Position information can be read as follows. 


Macro Condition Position information 
variable value 
#5001 or | Until the first NC statement appears | Coordinates of point A 
above After an NC statement with no move | Coordinates of point A' 
command appears 
After an NC statement with a move Coordinates of the end 
command appears point of the move 
command 
#5021 or Machine coordinates of 
above point B' 
#5041 or Workpiece coordinates 
above of point B' 




















Tool center path 


Interrupt generated | 


[- 


Offset vector 





Programmed tool path 


- Custom macro interrupt and custom macro modal call 

When the interrupt signal (UINT) is input and an interrupt program is 
called, the custom macro modal call is canceled (G67). However, 
when G66 is specified in the interrupt program, the custom macro 
modal call becomes valid. When control is returned from the 
interrupt program by M99, the modal call is restored to the state it was 
in before the interrupt was generated. When control is returned by 
M99 Pxxxxxxxx;, the modal call in the interrupt program remains 
valid. 
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- Custom macro interrupt and program restart 
In program restart, when the interrupt signal (UINT) is input during 
dry run recovery after a search, the interrupt program is called after 
restart of all axes is completed. 
That is, interrupt type II is assumed regardless of the parameter 
setting. 


NOTE 
1 Alarm PS1101 occurs in the following cases: 
<1> An_ interrupt is generated in the 
programmable mirror image (G51.1) mode 
and another G51.1 is specified in the 
interrupt program. 
<2> An interrupt is generated in the coordinate 
system rotation (G68) mode and another 
G68 is specified in the interrupt program. 
<3> An interrupt is generated in the scaling 
(G51) mode and another G51 is specified in 
the interrupt program. 
2 In program restart, do not input the interrupt signal 
(UINT) during dry run recovery after a search. 





NOTE 
1 Alarm PS1101 occurs in the following cases: 
<1> An_ interrupt is generated in the 
programmable mirror image (G51.1) mode 
and another G51.1 is specified in the 
interrupt program. 
<2> An interrupt is generated in the coordinate 
system rotation (G68.1) mode and another 
G68.1 is specified in the interrupt program. 
<3> An interrupt is generated in the scaling 
(G51) mode and another G51 is specified in 
the interrupt program. 

2 No interruption type custom macro can be used 
during execution of a multiple repetitive canned 
turning cycle. 

3 In program restart, do not input the interrupt signal 
(UINT) during dry run recovery after a search. 
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1 f REAL-TIME CUSTOM MACRO 
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Overview 


Used with an NC program, the real time custom macro function 
controls peripheral axes and signals. 


If a macro statement is used together with an NC statement, a program 
using the conventional custom macro function executes the macro 
statement immediately when the macro statement is read. So, the 
macro statement cannot be executed independently of the NC 
statement. 

On the other hand, the real time custom macro function enables the 
following control operations when a real time macro command (RTM 
command) is coded in an NC program. 


e A real time macro command starts operation in synchronism with 
the NC statement and is executed independently. During NC 
program execution, a real time macro command can be executed 
at the same time. 

e PMC interface signals can be read and written (with a restriction). 
In an NC program, a motion using a signal as a trigger can be 
coded. 

e Variables dedicated to a real time macro command can be read 
and written. 

e A real time macro command can exercise axis control. (The 
option is required.) 

e Multiple real time macro commands can be executed at the same 
time. Multiple real time custom macro statements can be coded 
in an NC program and can be controlled independently of each 
other. 


By using a real time custom macro, control on signals and peripheral 
axes can be programmed. 

The example below turns on and off a signal and performs operation 
on a peripheral axis when machining points are passed. 

= 

Peripheral axis Y 








Xc=80 


X-axis machining direction 


ON OFF 


During movement for machining along the X-axis in the figure above: 
<1> When point Xa is passed, the G99.5 signal is set to 1. 
— Real time macro command | 
<2> When point Xb is passed, positioning is started on peripheral axis 
Y. — Real time macro command 2 
<3> When point Xc is passed, the G99.5 signal is set to 0. 
— Real time macro command 3 
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The operation above is programmed using real time macro commands. 
Program 

00001 ; 

G92 X0 ; 

//1 ZEDGE [#100101 GE 30. ] #1IOG[99,5] = 1 ; 
/!2 ZEDGE [#100101 GE 50.] ZDO ; 

G91 GOO Y100 ; 

ZEND ; 

/!13 ZEDGE [#100101GE 80. ] #1OG[99,5] = 0 ; 
G90 G01 X200. F150 ; 

M30 ; 














The timing is as follows. (‘**’ represents the satisfaction of the 
condition.) 


X coordinate 30 50 80 


Peripheral axis Y operation 


G99.5 signal 
NC statement (machining) 
G90 G01 X200. F150 


Real time macro command 1 
//1 ZEDGE [#100101 GE 30.] 2k 
#IOG[99,5] = 1 ; 


Real time macro command 2 
//2 ZEDGE [#100101 GE 50. ] 


ZDO; 20k 
G91 GOO Y100 ; 
ZEND ; 
Real time macro command 3 
/13 ZEDGE [#100101 GE 80. ] ek 
#IOG[99,5] = 0; 
Explanation 


To use the real time custom macro function, a real time macro 
command (RTM command) is coded in an NC program. 


- Real time macro command (RTM command) 
The real time macro command (RTM command) is a macro command 
that starts execution in phase with an NC statement in the program. 
After the execution of a real time macro command starts, the RTM 
command operates independently of the NC statement. 
An RTM command is a statement dedicated to the real time custom 
macro function. 
An RTM command consists of a set of one or more real time macro 
statements (RTM statements). 


- Real time macro statement (RTM statement) 
The real time macro statement (RTM statement) is a statement 
included in an RTM command. 
One or more RTM statements make up an RTM command. 
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Format 


An RTM statement consists of a macro command and axis control 
command dedicated to the real time custom macro function. 


The axis control command of an RTM statement is an RTM statement 
including an address. This command is used to exercise axis control. 
Example 

// ZDO ; 

G90 G00 X100 ; 

ZEND ; 
(ZDO and ZEND are reserved words required for the axis control 
command of an RTM statement, and are detailed later.) 


The macro command of an RTM statement is a macro statement used 
with an RTM statement for arithmetic/logical operation and signal 
control. (In the example below, #RV[1] and #RV[2] are variables 
dedicated to the real time macro command.) 
Example 

// #IOG[124, 5] = 1; 

//#RV[1] = #RV[2] * 10; 


The real time macro command format is shown below. 
The RTM command is a command with two slashes (//) prefixed at the 
start of a block. 





/In <real-time-macro-statement> 
or 

/In ZDO ; 
<real-time-macro-statement> 


ZEND ; 





N: Modal ID (1 to 10) (Omissible) 
When a proper number is coded in n, a modal real time 
macro command is specified. When n is omitted, a 





one-shot real time macro command is specified. 





ZDO to ZEND are detailed later. 
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17.1 TYPES OF REAL TIME MACRO COMMANDS 


17.1.1 Modal Real Time Macro Command / One-shot Real Time 
Macro Command 


Explanation 


A command with ’//’ followed by an RTM statement is referred to as a 
one-shot real time macro command (one-shot RTM command). 
Example: 


//#RV{1] = 30: 


On the other hand, a command with ’//’ followed by number n (1 to 
10) then an RTM statement is referred to as a modal real time macro 
command (modal RTM command). 
Example: 

//3 #RV[1] = 30; 


A one-shot RTM command starts when the execution of the first 
following NC command starts. A started one-shot RTM command is 
valid until the end of the NC command. 

A modal RTM command starts when the execution of the first 
following NC command starts, as in the case of a one-shot RTM 
command. 

Unlike a one-shot RTM command, however, a started modal RTM 
command is valid until the automatic operation is completed. 


- Start of a real time macro command 


An RTM command starts when the execution of the first following 
NC command starts. 


Example: 

When NC command (1) starts execution in the program below, macro 
commands (2) and (4) are executed in succession without waiting for 
the end of (1). 

On the other hand, RTM command (3)starts execution when NC 
command (5) starts execution after the end of NC command (1). 





00001 ; 

G90 GOO X30. ; (1) NC command 
#100=0 (2) Macro command 
H#RV[O}=1 ; (3) RTM command 
#102=2; (4) Macro command 
G90 GOO X100. ; (5) NC command 
M30 ; 
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- End of a real time macro command 
When one of the following conditions is satisfied, the RTM command 
is terminated. 


Termination conditions common to one-shot RTM and modal RTM 
commands 

- | When RTM command processing is completed 

- When a reset occurs 


Termination condition specific to a one-shot RTM command 
- | When the execution of the NC command that started at the same 
time has ended 


However, if the RTM statement being executed is an axis control 
command, the command is terminated when the execution of the block 
is completed. 

If the execution of the Y10. block is completed before the X100. block 
in the command below, and the execution of the Y20. block starts, for 
example, the X100. command of the RTM statement is executed until 
the end. 


//ZDO ; 
X100 ; 
ZEND ; 
Y10.; 
Y20. ; 


NOTE 
1 No one-shot RTM command can be specified using 

any of the commands indicated below as a trigger. 

When using any of these commands as a trigger, 

use a modal RTM command. 

- Command related to reference position return 

- Command related to Al contour control 

- Command related to canned cycles (rigid tapping, 
drilling cycle, etc.) 

- Command related to cutter compensation 

- Command related to tool length compensation 

- Command related to automatic tool length 
measurement 

- Command related to coordinate system rotation 
Command related to scaling 

- Command related to programmable mirror image 

If an RTM command is specified using, as a trigger, 

a block such as a block specifying NURBS 

interpolation or a T series multiple repetitive canned 

cycle that does not necessarily pass the start point 

or end point of the command, operation can start or 

end at a point other than the start point and end 

point. Do not use such a block as a trigger. 
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- Priority of commands 


NOTE 

3 Do not restart a program that includes an RTM 
command. 

4 When an NC statement used as a trigger for an 
RTM command represents an auxiliary function, 
execution continues even if the FIN signal is 
awaited. 

If the following program is executed, for example, 
the count-up operation of #RV[O] continues until the 
FIN signal of M55 is returned: 

00001 ; 

// ZWHILE [1] #RV[0] = #RV[O]+1 ; 

M55 ; 

G91 X200. ; 


If MO2 follows an RTM command, execution 
continues until a reset occurs, even when the 
program itself is terminated. 

If the following program is executed, for example, 
the count-up operation of #RV[O] continues until a 
reset occurs: 

00001 ; 

// ZWHILE [1] #RV[O] = #RV[O]+1 ; 

MO2 ; 





If a modal RTM command and one-shot RTM command are specified 
at the same time, the modal RTM command is executed first. 

If multiple modal RTM commands are specified at the same time, the 
commands are executed in ascending order of ID values. 

No priority is applicable to one-shot RTM commands. 

The order of execution is as follows: 


Modal RTM command with ID value being 1 High 
Modal RTM command with ID value being 2 





Modal RTM command with ID value being 10 
One-shot RTM command 


One-shot RTM command 
Low 


Example 1) 
Priority of modal RTM commands 
00001 ; 
//1 #RV[O}=1 ; 
//3 #RV[O]=3 ; 
//2 #RV[O]=2 ; 
MO? ; 
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When the program above is executed, the RTM commands are 
executed in the following order: 

#RV[0}F1 

#RV[0]=2 

#RV[0]=3 

So, the value of #RV[0] is 3. 


Example 2) 


Priority of modal RTM commands and a one-shot RTM 
command 

00001 ; 

//3 #RV[O]=3 ; 

//1 #RV[O}=1 ; 

//#RV[O}10 ; 

//IS #RV[OJ=S ; 

MO? ; 


When the program above is executed, the RTM commands are 
executed in the following order: 

//1 #RV[O}=1 

//3 #RV[O]=3 

//5 #RV[O]=5 

//#RV[O}F10 

So, the value of #RV[0] is 10. 


Example 3) 


Priority of one-shot RTM commands 

When the following program is executed, the value of #RV[0] is 
undefined, that is, 1, 2, or 3. 

00001 ; 

/H#RV[O]=1 ; 

/H#RV[O]=2 ; 

//FRV[O]=3 ; 

G04P 10 ; 

M30; 


Even if a priority is applicable, the order of execution or the order of 
termination can change when an RTM statement includes a control 
code, ZWHILE or ZEDGE, or axis control command. 


Example 4) 


The RTM command priority of #RV[0]=1 in a modal command 
with its ID value being | is higher than the priority of #RV[1]=1 
in a modal command with its ID value being 2. However, 
#RV/[O]=1 is executed after the end of the execution of the block 
specifying the axis control command G91 G00 X10., so that 
#RV[1]=1 is actually executed earlier than #RV[0]=1. 

00001 ; 

//1 ZDO ; 

G91 G00 X10. ; 

#RV[O]=1 ; 
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ZEND ; 
//2#RV[1}=1 ; 
G04 P10; 
M30; 


Example 5) 
In the RTM command priority, ZEDGE in a modal command 
with its ID value being 1 is always a false control code (detailed 
later). The RTM command priority of #RV[O|=1 in a modal 
command with its ID value being | is higher than the priority of 
#RV[1]J=1 and #RV[2]=1 in a modal command with their ID 
values being 2. However, #RV[O]J=1 is executed after the 
condition of ZEDGE becomes true (that is, at the second time or 
later), so that #RV[1]=1 and #RV[2]=1 are executed earlier than 
#RV[O]=1. 
00001 ; 
//1 ZEDGE [ #10G[234.0] EQ 1 ] #RV[O]=1 ; 
//2 ZDO ; 
#RV[I]=1 ; 
#RV[2]=1 ; 
ZEND ; 
G04 P10; 
M30; 


- Number of real time macro commands 


A program can have multiple RTM commands coded. 

Up to six one-shot RTM commands can be specified. 

If one-shot RTM commands more than the maximum allowable 
number are specified, an alarm is issued. 


Up to ten modal RTM commands can be specified. When specifying 
modal RTM commands, ensure that there is no duplicate ID. 


If there is a duplicate ID, or an incorrect ID is specified, an alarm is 
issued. 


In all paths, up to 16 RTM commands can be executed 
simultaneously. 

When an axis control command is included, up to four commands can 
be executed simultaneously. 


NOTE 
In a block specifying an RTM statement, no NC 
command can be coded. 


1 


2 


If the maximum specifiable number of commands or 
the maximum number of simultaneously executable 
commands is exceeded, a P/S alarm is issued. 
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NOTE 


3 


If an NC statement to be used to trigger an RTM 
command is specified in a block (e.g., small block) that 
ends in a very short time, an RTM statement 
programmed to start at a different timing may be 
executed simultaneously. If the following is specified, 
for example, #RV[O]=1 and #RV[1]=2 may be executed 
simultaneously: 

// #RV[O]=1 ; 

G91 G01 X0.002 ; F5000 

M#RV[1]=2 ; 

X0.001 ; 
When a function for reading multiple blocks in advance 
is used, the same ID must not be coded in the scope of 
blocks read in advance. In the following program, for 
example, while //1 #RV[0]=#100101 is being executed 
during Al contour control, //1 #RV[1]=#100101 and //1 
#RV[2]=#100101 are also read in advance. So, an 
alarm may be issued. 

//1 #RV[O]=#100101 ; 

X#100 ; 

//1 #RV[1]=#100101 ; 

X#100 ; 

//1 #RV[2]=#100101 ; 

X#100 ; 
When a function for reading multiple blocks in advance 
is used, up to three blocks among the blocks read in 
advance can trigger an RTM command. 
For example, if the blocks up to the block of (2) are 
read in advance during execution of (1) in the program 
below, up to three blocks can trigger an RTM 
command. In the program below, the number of NC 
blocks that trigger an RTM command exceeds 3, so 
that the RTM command of (a) must not be coded. 
X30. Y50. ; 
//! 2-30. ; 
// #RV[O]=#RV[O]+1 ; 
X3. Y16. ; > NC block 1 triggering an RTM command 
X-23. Y4. ; 
/ #RV[AJ=#RV[1]+1 ; 
2 Z30. ; 
X-2. Y9. ; NC block 2 triggering an RTM command 
X17. Y5. ; 
// #RV[2]=#RV[2]+1 ; 
X-2. Y9. ; NC block 3 triggering an RTM command 
// #RV[B]=#RV[3]+1 | 
X-12. Y-3. ; 
X-100. Y200. ; 
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- Reserved words 


PROGRAMMING __17.REAL-TIME CUSTOM MACRO 


The following reserved words are used with real time custom macros: 


- Reserved words dedicated to real time custom macros 
ZDO, ZEND, ZONCE, ZWHILE, ZEDGE 


- Reserved words shared with custom macros 
AND, OR, XOR, MOD, EQ, NE, GT, LT, GE, LE, SIN, COS, 
TAN, ASIN, ACOS, ATAN, ATN, SQRT, SQR, ABS, BIN, 
BCD, ROUND, RND, FIX, FUP, LN, EXP, POW 


Be sure to fully spell out the reserved words for real time custom 
macros. For example, *>ZONCE’ must not be coded as ’ZON’ 
or ’ZONC’. 
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17.2 


VARIABLES 


PROGRAMMING 


B-63944EN/02 





Overview 


With real time custom macros, the following variables can be handled: 


- System variables dedicated to real time custom macros 


- Variables (RTM variables) dedicated to real time custom macros 
- System variables for some custom macros 


The RTM variables mean the variables dedicated to real time custom 





























macros. 
List of usable variables 
Real time Custom 
custom macro macro 
Real time custom | System variables Usable Unusable 
macro variables RTM variables Usable Unusable 
System variables Partially usable Usable 
Custom macro F 
: Common variables Unusable Usable 
variables - 
Local variables Unusable Usable 











The variables (system variables and RTM variables) dedicated to real 
time custom macros are the variables specific to the real time custom 


macro function. 
macro function. 
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17.2.1 Variables Dedicated To Real Time Custom Macros 


These variables are dedicated to real time custom macros. The 
variables are classified as system variables and RTM variables. 


17.2.1.1 System variables 


System variables dedicated to real time custom macros 


Format 
#10Op [m, n] Bit-by-bit read/write 
#IOpB [m] Byte-by-byte read/write 
p: Signal type (X, G, F, Y) 


m: Signal byte address 
n: (Used for bit-by-bit read/write only) Signal address bit 
number (0 to 7) 





PMC interface signals are read and written. Bit-by-bit and 
byte-by-byte read/write operations are possible. 
The following signals can be used: 




















Variable name Signal type Read Write 
Ms X Possible Impossible 
bh G Impossible Possible 
ie F Possible Impossible 
Hoe Y Impossible Possible 

















For the valid signal address range, see the specifications of the PMC 
as well. 


When writing to a signal, make the variable unprotected on the PMC 
signal protection screen (described later) beforehand. 


Specify an address by using m and n. 


Example: 
#IOF[1, 3] F1.3 bit type 
#IOG[1, 5] G1.5 bit type 
#IOFB[32] F32 byte type 
#IOGB[12] G12 byte type 


Read/write operations are performed in the same as for an ordinary 
macro statement. 


Example: 
#RV[0O]-#IOFB[32] Assigns F32 to #RV[0]. 
#IOG[99.3] = 1 Sets G99.3 to 1. 


If a signal at a nonexistent address is specified, a P/S alarm is issued. 
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- PMC signal protection 


- Input/output 


- Input/output format 


/A\ CAUTION 

1 Controls handling other signals, such as a ladder 
or macro executor, must not write to a signal 
address being written to by an RTM statement. 
Ensure that a single control writes to the same byte 
signal address. 
For example, when the G000.0 signal is written to 
by an RTM statement, do not write to the GO00.7 
signal from a ladder. 
Ensure that the same F signal is not read from by 


an RTM statement and written to by the NC 
simultaneously. 

Ensure that the same G signal is not written to by 
an RTM statement and read from by the NC 
simultaneously. 


NOTE 
The system variables described above are not 
supported for a multi-path PMC. 





Whether to enable a write to a signal handled by an RTM statement 
can be set. This function protects against a malfunction due to 
incorrect coding. 


On the PMC signal protection screen, set whether to enable a write to 
a signal. 

If an RTM statement makes an attempt to write to a signal 
write-protected on the PMC signal protection screen, a P/S alarm is 
issued at the time of execution. 


Set whether to enable a write to each address of Y and G ona 
byte-by-byte basis. 


For the unwritable signals (X, F), the screen is not displayed. 


A value set for PMC signal protection can be input/output. 


After punching PMC signal protection, one fileeDIDOENBL.TXT) is 
created. 
Please execute input/output operation in EDIT mode. 
The output format is as follows: 
L__ Specification method 
0: Byte specification 
Q_ Alphabetic signal address 
0:G, 2° Y 
K Not used 
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R Address number for byte specification 
P Protection value for byte specification 
0: Not writable 
1: Writable 


Example of output 

% 

LOQ2RO000P0 

LOQ2R0001P1 YO to Y127 protect 
: information 


LOQ2R0127P1 


LOQOROOOOP1 

LOQOR0001P1 GO to G767 protect Byte 

: information specification 
LOQORO0767P0 


einer \ G1000 to G1767 protect 


LOQOR1767P0 information 


L1Q-2KORO000P0000 
L1Q-2KORO000P0000 


M02 
% 





17.2.1.2 Realtime macro variables (RTM variables) 


The real time macro variables (RTM variables) are variables dedicated 
to real time custom macros. 

The RTM variables are classified as volatile real time macro variables 
(volatile RTM variables) and nonvolatile real time macro variables 
(nonvolatile RTM variables). 


The data of a nonvolatile RTM variable is preserved even when the 
power is turned off. 

The data of a volatile RTM variable is cleared to 0 when the power is 
turned off. 


Format 
#RV[m] Volatile RTM variable 
m: Volatile RTM variable number (0 to 99) 


#RVS [n] Nonvolatile RTM variable 
n: Nonvolatile RTM variable number (0 to 31) 
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Explanation 
- Input/output 


- Input/output format 


NOTE 

1 RTM variables can be used with an RTM statement 
only. RTM variables cannot be used with an NC 
statement and macro statement. 


2 NoRTM variable assumes a "null" value. 

3 Volatile RTM variables are cleared to 0 by a reset. 
On the other hand, nonvolatile RTM variables are 
not cleared to O by a reset. 





RTM variables can be input/output in a specified format. 
Both nonvolatile RTM variables and volatile RTM variables can be 
input/output. 


After punching RTM variables, one fileRTMMACRO.TXT) is 
created. 

The output format is described below. 

The value of an RTM variable is output in hexadecimal as a 
double-precision floating-point data bit image. 

When a nonvolatile RTM variable is output, G10L87 is followed by 
an RTM variable number and a variable value. 

When a volatile RTM variable is output, GIOL88 is followed by an 
RTM variable number and a variable value. 


Example of output 

% 
G10L87P0(3FE0000000000000) 
G10L87P1(4000000000000000) 

: Nonvolatile RTM variable 
G10L87P30(4010000000000000) 
G10L87P31(4014000000000000) 


G10L88P0(4008000000000000) 
G10L88P1(3FD9999999800000) 


Volatile RTM variable 


G10L88P98(3FFO0000000000000) 
G10L88P99(4010000000000000) 
M02 

% 





Execute input/output operation in EDIT mode. 
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17.2.2 Custom Macro Variables 


With real time custom macros, a part of the custom macro variables 
(part of the system variables) can be handled. 


17.2.2.1 System variables 


With real time custom macros, position-related information among the 
system variables of the custom macros can be handled. 


- Position information #100001 to #100182 (Attribute: Read only) 

Block end position #100001 to #100032 

Current position (machine coordinate system) #100051 to #100082 

Current position (workpiece coordinate system) #100101 to #100132 

Skip position #100151 to #100182 
By readying the values of system variables #100001 to #100182, the 
end position of the previous block, the current positions (machine 
coordinate system and workpiece coordinate system), and skip signal 
position can be found. 


Variable No. Position information Coordinate system 


#100001 Block end position on 1st axis 

#100002 Block end position on 2nd axis Workpiece coordinate 
3 : system 

#100032 Block end position on 32nd axis 
#100051 Current position on 1st axis 
#100052 Current position on 2nd axis Machine coordinate 
: : system 

#100082 Current position on 32nd axis 
#100101 Current position on 1st axis 
#100102 Current position on 2nd axis Workpiece coordinate 
: : system 

#100132 Current position on 32nd axis 
#100151 Skip position on 1st axis 
#100152 Skip position on 2nd axis Workpiece coordinate 
: : system 


#100182 Skip position on 32nd axis 


NOTE 

1 The value of a variable with a number greater than 
the number of controlled axes is undefined. 

2 The end position (ABSIO) of a skip (G31) block is 
the skip signal ON position if the skip signal is 
turned on. If the skip signal is not turned on, the 
block end point is undefined. 

As block end position information #100001 to 
#100032, the end positions read in advance are 
obtained instead of the end positions of the block 
currently being executed. 
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- Servo positional deviation #100251 to #100282 (Attribute: Read only) 
By reading the values of system variables #100251 to #100282, the 
servo positional deviation on each axis can be found. 


Variable No. Position information 


#100251 Servo positional deviation on 1st axis 
#100252 Servo positional deviation on 2nd axis 


#100282 Servo positional deviation on 32nd axis 


NOTE 
The value of a variable with a number greater than 
the number of controlled axes is undefined. 





- Remaining travel distance #100801 to #100832 (Attribute: Read only) 
By reading the values of system variables #100801 to #100832, the 
remaining travel distance on each axis can be read. 


Variable No. Position information 


#100801 Travel distance on 1st axis 
#100802 Travel distance on 2nd axis 


#100832 Travel distance on 32nd axis 


NOTE 


The value of a variable with a number greater than 
the number of controlled axes is undefined. 
System variables not described here are unusable. 
The name of a system variable cannot be 
specified. 
Do not specify a command as indicated below. 

1/1 #RV[O]=[#_ ABSOT[1]] ; 





17.2.2.2 Local variables 


The local variables(#1 to #33) cannot be used. 
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17.3 ARITHMETIC AND LOGICAL OPERATION 





With the real time custom macros, the following arithmetic and logical 
operations can be specified: 


Table 1.3 Arithmetic and logical operation 


Type of operation 
(1) Definition, substitution Definition or substitution of a variable 


(2) Additive operation 


(3) Multiplicative operation 


(4) Function 


#i=#j+#k 
Hi=#j-#k 

#i=#) OR #k 
#i=#] XOR #k 
#izHi"#k 
Hi=Hi/#k 

#i=#) AND #k 
#i=#) MOD #k 


#i=SIN{Hi] 
#i=COS|Hi] 
#i=TAN[#i] 
#i=ASIN[#j] 
#i=ACOS|#i] 
#i=ATAN[H] 
#i=ATAN[HIV/E#k] 
#i=ATAN[H),#K] 
#i=SQRTI#j] 
#i=ABS[Hj] 
#i=BIN{Hi] 
#i=BCDI[#j] 
#i=ROUND[#j] 
#i=FIX(i] 
#i=FUP[Hi] 
#i=LN{Hil 
#i=EXP[Hi] 
#i=POW[H).#K] 


- Constant specifiable in <expression> 


Addition 

Subtraction 

Logical OR (Bit by bit for 32 bits) 

Exclusive OR (Bit by bit for 32 bits) 
Multiplication 

Division 

Logical AND (Bit by bit for 32 bits) 

Remainder (#j and #k are rounded to an integer to 
find a remainder. When #j is negative, #i is also 
negative. ) 

Sine (in deg) 

Cosine (in deg) 

Tangent (in deg) 

Arcsine 

Arccosine 

Arctangent (1 argument). ATN is acceptable. 
Arctangent (2 arguments). ATN is acceptable. 
Ditto 

Square root. SQR is acceptable. 

Absolute value 

Binary conversion from BCD 

BCD conversion from binary 

Rounding. RND is acceptable. 

Discarding fractional digits 

Rounding fractional digits upward to an integer 
Natural logarithm 

Exponent with e (2.718 ) used as the base 
Power (#j to #k power) 





+0.00000000001 to +999999999999 

-999999999999 to -0.00000000001 

Up to 12 decimal digits can be specified. 

If the maximum allowable number of digits is exceeded, P/S0012 
alarm is issued. 
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NOTE 
The ADP function is not available. 
With an RTM statement, the external output 
commands (BPRNT, DPRNT, POPEN, and 
PCLOS) are unavailable. 
The FS16i compatibility specifications are not 
applicable. Bit 0 (F16) of parameter No. 6008 = 1 
(with the operation result precision based on the 
FS16i compatibility specifications) is invalid. 
Bit 0 (NAT) of parameter No. 6004 is valid in an 
RTM command. 
The setting of bit 5 (SBM) of parameter No. 6000 
and bit 7 (SBV) of parameter No. 6000 is invalid. 
For the single block specifications, see the 
separate item. 
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17.4 CONTROL ON REAL TIME MACRO COMMANDS 





Explanation 
By using a reserved word for controlling statements in an RTM 
command, the flow of the RTM command can be changed or multiple 
statements can be controlled as a set of statements. Four reserved 
words are used to control an RTM command as indicated below. 





























Reserved Syntax Meaning 

word name 

ZONCE //ZONCEAB If A is true, B is executed. 

ZEDGE //ZEDGEAB If A becomes true, B is 
executed. 

ZWHILE // ZWHILE AB While A is true, B is executed 
repeatedly. 

ZDO...ZEND | //ZDO B1 B2B3 ZEND | (Multiple statements) B1, B2, 
and B3 are sequentially 
executed. 





The timing chart of an RTM command using these reserved words is 
indicated below. (Multi-statement control ZDO...ZEND is 
excluded.) 

When the condition of a each reserved word is True, it shows ‘*’. 


When condition A makes transitions from True to False to True 


True 
False 
ZONCE * 
ZEDGE * 
ZWHILE * * * 
_ 
Time 
When condition A makes transitions from False to True to False 
True 
False 
ZONCE 
ZEDGE * 
ZWHILE i ae. ee ae 
—— 
Time 
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17.4.1 Conditional Branch (ZONCE Statement) 


After ZONCE, <conditional-expression> and 
<real-time-macro-statement> are coded. 


- /l(n) ZONCE [<conditional-expression>] <real-time-macro-statement> 


If <conditional-expression> is true, <real-time-macro-statement> is 
executed. If <conditional-expression> is false, 
<real-time-macro-statement> is not executed, but control exits from 
the ZONCE command to _ terminate the — execution. 
<conditional-expression> conforms to the custom macro 
specifications. 


// ZONCE A B (If A is true, B is executed.) 
If A is true, the command is terminated after executing B. 
If A is false, the command is terminated without executing B. 


If the workpiece coordinate on the first axis is greater than 30, the Y1.0 signal 
is output. 


/! ZONCE [#100101 GT 30.] #IOY[1,0] = 11 ; 


If the workpiece coordinate on the first axis is greater than 30 and #RV[0] 
matches #RV[3], the Y1.0 signal is output. 


/| ZONCE[[#100101 GT 30.] AND [#RV[0] EQ #RV[3]]] #10Y[1,0]=1 ; 





In <real-time-macro-statement>, multiple RTM statements can be 
coded. 

In this case, code the following by using ZDO...ZEND of 
multi-statement structure: 

// ZONCE [<conditional-expression>] ZDO ; 
<real-time-macro-statement-1> ; 

<real-time-macro-statement-2> ; 


ZEND ; 
If the workpiece coordinate on the second axis is equal to or less than 10, the 


rapid traverse override value is changed. 
/! ZONCE [#100102 LE 10.] ZDO ; 





However, if <conditional-expression-1> specifies an axis control 
command, be sure to use ZDO...ZEND even when a single statement 
is used. 


If the workpiece coordinate on the first axis is greater than 30 and #RV[0] 
matches #RV[3], a movement on the A-axis starts. 


/ ZONCE [[#100101 GT 30.] AND [#RV[0] EQ #RV[3]]] ZDO ; 
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Similarly, use ZDO...ZEND for a multi-statement including an axis 
control command. 


If the workpiece coordinate on the second axis is equal to or less than 10, a 
movement on the V-axis starts and the Y1.0 signal is set to 1. 


//1 ZONCE [#100102 LE 10.] ZDO ; 





17.4.2 Condition Transition (ZEDGE Statement) 


After ZEDGE, <conditional-expression> and 
<real-time-macro-statement> are coded. 
// ZEDGE A B (If A becomes true, B is executed.) 


- /[(n) ZEDGE [<conditional-expression>] <real-time-macro-statement> 


Explanation 


When <conditional-expression> makes a transition from false to true, 
an RTM _ statement specified after <conditional-expression> is 
executed. <conditional-expression> conforms to the custom macro 
specifications. 

With the ZEDGE command, the result of the first evaluation of 
<conditional-expression> is always false. 


The difference between the ZONCE command and ZEDGE command 
is that if <conditional-expression> is false, the RTM statement itself is 
terminated in the case of ZONCE, while the evaluation of 
<conditional-expression> continues until <conditional-expression> 
becomes true in the case of ZEDGE. (With a one-shot real time 
command, the evaluation of <conditional-expression> continues until 
the execution of the NC _ statement that started operation 
simultaneously with the command ends.) 


On the rising edge of the G address signal 4.3, the workpiece coordinate on 
the third axis is read. 





/ ZEDGE [#lOG[4,3] EQ 1] #RV[0]=#100103 ; 


In the example above, even if the [HIOG[4,3] EQ 1] is true from the 
beginning, #RV[0]=#100103 of the RTM statement is not executed. 
#RV[0]=#100103 is executed when the result of evaluation of 
[#IOG[4,3] EQ 1] changes from false to true. 


As in the case of ZONCE, multiple RTM statements can be coded in 
<real-time-macro-statement>. 

If <conditional-expression-1> specifies an axis control command, be 
sure to use ZDO...ZEND even when a single statement is used. 

Code the following by using ZDO...ZEND of multi-statement 
structure: 

// ZEDGE [<conditional-expression>] ZDO ; 
<real-time-macro-statement-1> ; 
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<real-time-macro-statement-2> ; 


ZEND ; 


On the falling edge of the X address signal, a movement on the B-axis is 
started and the Y1.0 signal is set to 1. 


/| ZEDGE [#10X[1,3] EQ 0] ZDO ; 


G91 G00 B10. ; 
#IOY[1,0] = 1; 





On the rising edge of the G address signal, a movement on the U-axis is 


/| ZEDGE [#10G[4,3] EQ 1] ZDO ; 
G91 G00 U25. ; 





17.4.3 Repetition (ZWHILE Statement) 


After ZWHILE, a conditional statement is coded. 
// ZWHILE A B (While A is true, B is executed repeatedly.) 


- /(n) ZWHILE [<conditional-expression>] <real-time-macro-statement> 
While <conditional-expression> is true, the RTM statement specified 
after <conditional-expression> is executed. 
If <conditional-expression> is not satisfied, the ZWHILE statement is 
terminated, and the next block is processed. 


ZWHILE 


[conditional-expression] ZDO ; Wha conditionis 


When Real time macro false 
condition | | statement 
is true 














* When the real time macro statement is a single statement and is not an 
axis control statement, ZDO and ZEND are not required. 

* When “conditional-expression” is fulfilled and “Real time macro 
statement” is complete, interpolation cycle time has passed before the 
next evaluation of "ZWHILE conditional-expression". 
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Explanation 
While <conditional-expression> is true, the command or commands 
between ZDO and ZEND after ZWHILE are executed. 
If <conditional-expression> is not satisfied, the command after ZEND 
is processed. 
The same conditional expression and operators as for the ZONCE 
statement are used. 


While the F address 234.1 signal is 1, an incremental movement on the 
U-axis is repeatedly performed, and #RV/[0] is incremented by 1 each time. 
/11 ZWHILE [#IOF[234,1] EQ 1] ZDO ; 


G91 G00 U10. ; 
#RV[0] = #RV[O]+1 ; 
ZEND ; 





17.4.4 Multi-statement (ZDO...ZEND Statement) 


- /I(n) ZDO ; 
<real-time-macro-statement-1> <real-time-macro-statement-2> 
<real-time-macro-statement-3> ... 
ZEND ; 


One or multiple statements enclosed in ZDO...ZEND are regarded as a 
one RTM statement (multiple-statement structure). 


The maximum number of RTM statements in one multi-statement 
(between ZDO...ZEND) is subject to change (Because it depends on 
the contents of RTM statements). 


ZDO...ZEND is used in the following cases: 
- | When multiple real time statements are handled as a series of 
commands 


If the workpiece coordinate on the first axis exceeds 30, the rapid traverse 
override value is changed. 


// ZEDGE [#100101 GT 30.] ZDO ; 


/| ZEDGE [#10X[7,0] EQ 1] ZDO ; 
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- Nesting 
ZONCE, ZEDGE, ZWHILE, and ZDO...ZEND cannot be nested and 


overlapped. 
For details, see the following: 


. ZONCE, ZEDGE, ZWHILE, and 
ZDO...ZEND must not be 
nested. 

// ZWHILE [---] ZDO ; 


1. ZONCE, ZEDGE, ZWHILE, and 
ZDO...ZEND may be used any 
number times. 

// ZWHILE [---] ZDO ; 
Processing ZONCE [---] ZDO ; 














ZENE ZEDGE [:--] ZDO : 





Processin 








/! ZONCE[::-] ZD 
Processing ZEND ; 

















ENe ZEND ; 


ZEND ; 
2. One ZDO...ZEND range must not 
overlap another ZDO...ZEND range. 


/ ZONCE [--] ZDO ; 








Processing 


1! ZWHILE [---] ZDO ; 








ZEND ; 





Processing 


ZEND ; 














- Endless loop 
An endless loop is formed if the conditional expression enclosed in 


brackets after the ZWHILE statement is always satisfied. 


Example) 
In the example below, #RV[0] is counted up unconditionally. 


// ZWHILE [1] #RV[1J=#RV[1}+1 ; 
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The sample program below exercises the following three control 


operations at the same time. 
(1) 
(2) 


(3) 


peripheral axis A. 


A cutting operation is performed on the X-axis and Z-axis. 
On each rising edge of the X signal 5.2, 20 is fed on the 


When the workpiece coordinate on the X-axis (#100101) is equal 


to or less than 50, the Y signal 2.3 is set to 1. 


The operation of (1) is coded in the main NC statement. 
The operation of (2) is coded in the first modal RTM command (//1). 
The operation of (3) is coded in the second modal RTM command 


(//2). 





(Address 
Y2.3) 


NUL 


50 
(Y signal is 
turned on 
when tool 
enters this 
range.) 





Signal lamp 


{ 








Signal switch 
(Address 


Vr 


ry 


@ 


Peripheral axis A 


00001 ; 
G90 GOO X100 2100; 





//1 ZWHILE[1] ZDO ; 
ZEDGE [#IOX[5,2] EQ 1] ZDO; 
G91 G00 A20. ; 

ZEND : 

ZEND : 


#2 ZWHILE[1] ZDO ; 
ZEDGE [ #100101 LE 50.0 ] #IOY[2,3] = 1 
ZEND ; 


#100=100 ; 
WHILE [#100 GT 0 ]) DO1 
G91 G01 Z-#100 F200. ; 
Z#100. ; 

#100 = #100 - 10; 

X-10. F100; 

END1 

MO2 ; 





IRTM command (2) 
operation 
(On each rising edge of 

5.2, 20 is fed on peripheral 


(When X coordinate is 50 or 
less, Y signal 2.3 is set to 





Command for cutting on 
-axis and Z-axis 
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17.5 MACROCALL 


A series of RTM statements can be formed into a subprogram, which 
can be called from the main program. 


When G65 is specified in an RTM command, the real time macro 
specified in address P is called. 


P : Number of real time macro program to be 
called 








00001 ; 09010 ; 
Pe el Code real time macro 


//1 G65 P9010 ; 


G04 P2000 : i al platements: 


M30 ; Mg9 ; 




















The execution of real time macro //1 including 09010 starts 
simultaneously with the G04 block of main program 00001. 





Explanation 

- Calling 
In address P after G65, specify the program number of a real time 
custom macro to be called. 


NOTE 

1 In argument P of G65, only a constant value can 
be used. No value can be specified through a 
variable. 
Example: 
// G65 P9010; Correct 
/! G65 P#RV[O]; Incorrect 
The inclusion of another NC command (such as 
G01 X100.0 G65 Pp) is not allowed. If another NC 
command is included, PS0127 alarm is issued. 
The G65 block for calling a real time macro does 
not make a single block stop. 
On the other hand, a real time macro program 
called by real time macro calling makes a single 
block stop. 
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- Call destination real time program 


- Format 


- Call nesting level 


In a called real time macro program, only an RTM statement can be 
coded. 


In a called real time macro program, no additional RTM command 
may be executed. (The RTM command symbol ‘//’ may not be 
coded.) For example, do not execute the following program: 


00001 ; 09010 ; 
// G65 P9010 ; //#RV[O|=1 ; 
M02 ; Wes: M99 ; 


Code M99 in the last block only. 
For example, do not execute the following program: 


00001 ; 09010 ; 
// G65 P9010 ; md ZEDGE [#RV[0] EQ 1] M99 ; 
M0? ; ee G91 G00 X50. ; 

M99 ; 


When executing an RTM statement in a subprogram, code an NC 
statement before the M99 block for returning to the calling program. 


00001 ; 09010 ; 
G65 P9010 ; aud //#RV[0] = 20 ; Real time macro statement 
MO? ; Pore G04 ; NC statement 


MYyY ; 
Specify G65 at the start of a block. 


Macro call nesting is not allowed. 


- Differences from macro call using a custom macro 


Macro call using a real time custom macro and macro call using a 

custom macro differs as described below. 

- In macro call using a custom macro, an argument (data to be 
passed to a macro) and the number of repetitions can be specified. 
In macro call using a real time custom macro, such information 
cannot be specified. 

- With a real time custom macro, other types of macro call (macro 
call using G66, G66.1, G, and M code) and subprogram call are 
not allowed. 
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17.6 


OTHERS 


If an axis control command is followed by a macro command in an 
RTM command, the execution of the macro command starts when the 
axis control command is completed or deceleration starts. 

If deceleration on the X-axis starts upon completion of distribution 
according to the axis control command of (1), for example, the macro 
command of (2) is executed. If acceleration/deceleration is not 
applied on the X-axis, (2) is executed upon completion of distribution 
on the X-axis. 


//ZDO ; 

G91 G00 X30 ; (1) Axis control command of the RTM statement 
#RV[0] = 1; (2) Macro command of the RTM statement 
ZEND ; 
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17.7 AXIS CONTROL COMMAND 


Format 


Explanation 
- Setting 


In an RTM statement, an M code and G code for specifying a 
movement can be specified. For axis control, the PMC axis control 
interface is used. The specifications differ from the specifications for 
the G and M codes used with an NC statement. 





I/ ZDO ; 
G_ IP__F__e; 





ZEND ; 








For an axis control command, ZDO...ZEND of multi-statement 
structure is used for coding even if a single statement (single RTM 
statement) is used. 


/\ CAUTION 
Do not specify an NC statement for an axis to be 
controlled with an RTM statement. Moreover, do 
not exercise axis control with an RTM statement on 
an axis to be controlled with an NC statement. 


NOTE 
In one block, only one axis may be specified. Do 
not specify two or more axes in the same block. 





For an axis control command in an RTM statement, the interface of a 
PMC axis control group set by a parameter beforehand is used. 

For an axis to be controlled with an RTM statement, set a group to be 
used, with parameter No. 8010. Then, set bit 0 (XRT) of parameter 
No. 8011 for the axis to 1. 


NOTE 
An axis for which bit 0 (XRT) of parameter No. 


8011 is set to 1 is dedicated to real time custom 
macros, so that such an axis cannot be used with 
PMC axis control. 





- Relationship with PMC axis control 


Axis control based on an RTM statement uses the PMC axis control 
interface. So, the specifications for a move command in each block 
within an RTM statement are generally equivalent to the specifications 
for the PMC axis control command. 

For the detailed specifications and restrictions related to axis control, 
refer to the specifications of PMC axis control as well. 
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- Operation command code 


- Modal information 


NOTE 
1 An axis used with an RTM statement must not be 
specified from PMC axis control. 


2 APMC axis control group used with an RTM 
statement must not be specified from PMC axis 
control. 





The table below indicates the G codes that can be specified in an RTM 
statement. 

The mark in the table indicates modal G codes when an RTM 
command starts. 


















































Code Group Meaning 
W coo a4 Positioning 
G01 Feed at specified feedrate 
G28 00 Reference position return 
G53 Machine coordinate system selection 
G90 03 Absolute command note 1 
G91 Incremental command yote 2 
G94 05 Feed per minute 
G95 Feed per revolution 





NOTE 

1 The absolute command (G90) is valid for machine 
coordinate system selection (G53) only. 

2 The incremental command (G91) is valid for 


positioning (G00), linear interpolation (G01), and 
reference position return (G28) only. 

In T series G code system A as well, not G98/G99 
but G90/G91 are valid with an RTM command. 





Basically, modal information such as F and modal G codes in an RTM 
statement is independent in an NC statement and each RTM statement. 
Modal information in an RTM statement is initialized when the 
execution of the RTM statement is started (when a block specified 
with // is executed). 
The initial value of modal information in an RTM statement is as 
follows: 

State of the G codes marked with W in the operation command 

code list 

Fcode : FO 
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/\ CAUTION 
With the G codes (inch input/metric input) of group 
06, the same information as the modal information 
of an NC statement is used in an RTM statement. 
Do not change the modal information of group 06 
with an NC statement in a block after the first RTM 
statement coded in a program. 


NOTE 
With an RTM command, bit 0 (G01), bit 3 (G91), 
and bit 4 (FPM) of parameter No. 3402 are invalid 
when the power is turned on or in the cleared 
state. 





Example 1) 
Modal information can be controlled independently in an NC 
statement and each RTM statement. 


00001 : 
G90 G01 X100. Y100. F500. ; (1) 
II ZDO; 

Z50. ; (2) 
G01 Z100. F100. ; (3) 
ZEND ; 

/|2 ZDO ; 

G01 A30. F200. ; (4) 
ASO. ; (5) 
ZEND ; 


X200. ; (6) 


The modal information of command (2) is G00, G91, and G94, 
regardless of the modal information (G90 G01 set in (1)) of the NC 
statement. 

The modal information of command (5) is G01, G91, G94, and F200.. 
This modal information is not affected by the modal information 
(command (1)) of the NC statement and the modal information 
(commands (2) and (3)) in the RTM statement with modal ID=1. 

The modal information of command (6) is not affected by the modal 
information (commands (2) to (5)) in the RTM statement, so that the 
modal information is G01, G90, and F500.. 


Example 2) 

Modal information is initialized when the execution of each 
RTM command is started. Even if the same program includes 
RTM commands with the same ID, the modal information of the 
RTM command executed first is not inherited by the RTM 
command executed next. 

00001 ; 

G90 G01 X100. Y100. F500. ; 

//1 ZDO; 

G01 Z100. F3000. ; (1) 
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- Single block stop 


- Feed hold 


- Reset 


- Alarm stop 


ZEND ; 
X200. ; 

II ZDO; 

2200. : (2) 
ZEND ; 

X300. ; 


The modal information of command (2) is G91 and G00, 
regardless of command (1). 


If an NC statement is placed in the single block stop state, for example, 
by the single block stop signal SBK, the axis control command of an 
RTM statement also comes to a single block stop. 

However, the automatic operation start signal STL is turned off when 
all conditions on the NC statement side are satisfied, even if the axis 
control command of an RTM statement is not terminated. 

If an RTM command consists of multiple statements and an axis 
control command is coded in multiple blocks, only the block of the 
RTM statement that is currently executing an axis command can be 
brought to a single block stop by setting the group-by-group single 
block stop signal (ESBKg) for PMC axis control corresponding to the 
axis to 1. 


Even when an NC statement enters the automatic operation halt state, 
the axis control command of an RTM statement does not stop 
immediately but stops at the time of termination of the block currently 
being executed. To stop also the axis control command of an RTM 
statement immediately when the NC statement enters the automatic 
operation halt state, control the temporary stop signal (ESTPg) for 
PMC axis control of the related group by monitoring the automatic 
operation halt in-progress signal (SPL). 


Even when the CNC is reset by an MDI reset, the external reset signal 
(ERS), or the reset and rewind signal (RRW), the axis control 
command of an RTM statement does not stop immediately but stops at 
the time of termination of the block currently being executed. When 
the emergency stop state is set, however, the RTM statement also 
stops immediately. 

During execution of the axis control command of an RTM statement, 
the real time macro being executed can be stopped independently of 
the NC statement by setting the group-by-group reset signal (ECLRg) 
for PMC axis control corresponding to the axis to 1. To stop also the 
axis control command of an RTM statement when the CNC is reset, 
control the reset signal (ECLRg) for PMC axis control of the related 
group by monitoring the reset signal (RST). 


Even when a P/S alarm is issued with an NC statement, the axis 
control command of the RTM statement being executed does not stop 
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- Alarm reset 


- Interlock 


- Machine lock 


- Dry run 
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immediately but stops at the time of termination of the block currently 
being executed. Moreover, even when an overtravel alarm is issued 
for an axis other than the axis controlled by the RTM statement being 
executed, the RTM _ statement being executed does not stop 
immediately but stops at the time of termination of the block currently 
being executed. 


When the group-by-group alarm signal (EIALg) for PMC axis control 
corresponding to the axis specified by an RTM statement is set to 1, 
correct the cause of the alarm, then reset the CNC, and reset PMC axis 
control with the reset signal (ECLRg) for PMC axis control of the 
related group. 
(Tip) 

In the following cases, the alarm signal (EIALg) is set to 1: 

(1) When a servo alarm is issued 

(2) When an overtravel alarm is issued 

(3) When P/S0130 alarm is issued 

(4) When P/S0139 alarm is issued 


In an RTM statement, the interlock signal (*IT) for an NC statement, 
interlock signal for each axis (*ITn), interlock signal for each axis 
direction (+ITn/-ITn) are invalid. Instead, the axis control temporary 
stop signal (ESTPg) for PMC axis control is valid in an RTM 
statement. When temporarily stopping the axis controlled by an 
RTM statement, control the corresponding axis control temporary stop 
signal (ESTPg) for PMC axis control. 


The cutting block start interlock signal *CSL (G8.1) and the block 
start interlock signal *BSL (G8.3) are invalid. 


The same machine lock signals (all axes/each axis) as used with an 
NC statement are used. However, by disabling machine lock for 
PMC axis control with the following parameters, machine lock can be 
disabled for the axis being controlled by an RTM statement: 

Bit 0 (MLE) of parameter No. 8001 

Bit 1 (MLS) of parameter No. 8006 


With bit 2 (OVE) of parameter No. 8001, whether to use the dry run 
signal (DRN) for an NC statement or the dry run signal (EDRN) for a 
PMC axis can be chosen. When enabling a dry run feedrate for rapid 
traverse in an RTM statement, set bit 3 (RDE) of parameter No. 8001 
to 1. Ifa feed command specifying a feedrate is specified when the 
manual rapid traverse selection signal (RT or ERT) is set to 1, the 
cutting feedrate is used as the feedrate during dry run. ("Dry run 
feedrate x maximum manual feedrate override value" is not 
applicable.) 
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- In-position check 


- Manual absolute 


- External deceleration 


- Mirror image 


In the in-position state, the in-position signal (EINPg) is set to 1. 
When bit 6 (NCI) of parameter No. 8004 is set to 1, no in-position 
check is made during axis control based on an RTM statement. The 
setting of bit 5 (NCI) of parameter No. 1601 for an NC statement is 
invalid. (However, the in-position signal (INPx) for an NC statement 
is affected by the value of NCI.) 


The manual absolute signal (*ABSM) is invalid. 


By setting bit 0 (EDC) of parameter No. 8005 to 1, the external 
deceleration function can be used also for the axis being controlled by 
an RTM statement. Note, however, that the external deceleration 
function is unusable for feed with a specified feedrate (feed per 
revolution). For an external deceleration rate, the external 
deceleration rate setting for rapid traverse (parameter No. 1427, No. 
1441, and No. 1444) is valid, regardless of the type of feed. 

The external deceleration function for the axis being controlled by an 
RTM statement is also valid for feed with a specified feedrate (feed 
per minute), regardless of the settings of bit 4 (EDP) of parameter No. 
1005 and bit 5 (EDM) of parameter No. 1005. (The enabling of 
rapid traverse only is impossible.) 


When enabling mirror image for the axis being controlled by an RTM 
statement, set bit 0 (EMR) of parameter No. 8008 to 1, and set either 
bit 0 (MIRx) of parameter No.0012 or mirror image signal MIx to '1'. 
Programmable mirror image is not available. 


NOTE 
1 The same group as the PMC axis control group 
used for axis control cannot be executed with an 


RTM statement. 
No NC statement can specify an axis being 
controlled by an RTM statement. 
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NOTE 

3 An alarm is issued if, during execution of an RTM 
statement, an attempt is made to execute another 
RTM statement with the same ID. In the program 
below, for example, the RTM statement of (1) 
operates using the NC statement of (2) as a 
trigger, and the RTM statement of (3) operates 
using the NC statement of (4) as a trigger. An 
alarm is issued if (1) is still operating when (4) is 
started after completion of the interpolation of (2). 
//1 ZDO ; 
G91 GOO A100.; (1) RTM statement 
ZEND ; 
G01 X30. Y20.; (2) NC statement 
1 ZDO ; 
G91 GOO B100.; (3) RTM statement 
ZEND ; 
X40. Y50. ; (4) NC statement 
When T series G code system A is used, address 
words (such as U, W, H, and V) for incremental 
commands must not be coded. Otherwise, P/S 
alarm 413 is issued. 





Command details 

- Rapid traverse 
A movement is made at a rapid traverse rate on an axis from the 
current position to the point separated by a specified value. 


Format 





//ZDO ; 

G91 GOO IP __; 

ZEND ; 
G91: Gcode for incremental command 
IP __: Travel distance 











NOTE 
Only one axis can be specified in one block. 
The absolute command (G90) cannot be specified. 


The rapid traverse overlap function cannot be 
used. 


When using this function, be sure to set bit 0 
(RPD) of parameter No. 8002 to 0. 





- Rapid traverse override 
With bit 2 (OVE) of parameter No. 8001, whether to use the 
rapid traverse override signal (ROV) for an NC statement or the 
rapid traverse override signal (EROV) dedicated to PMC axis 
control can be chosen. 
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NOTE 
Even if bit 4 (RFO) of parameter No. 1401 is set to 


1, rapid traverse does not stop with a cutting feed 
override of 0%. 





- Feed with a specified feedrate (feed per minute) 
A movement is made at a feedrate specified in F on an axis from the 
current position to the point separated by a specified value. 


Format 





I/ZDO; 
G94 G91 GO1IP__—Ss FF 
ZEND ; 

G94: Gcode for feed per minute 

G91: Gcode for incremental command 

IP ___: Travel distance 

F__: Feedrate command (mm/min or inch/min) 


bl 











NOTE 

1 Only one axis can be specified in one block. 

2 The absolute command (G90) cannot be specified. 

3. The block overlap function cannot be used. 

4 When IS-A is used, a feedrate below 10 mm/min is 
discarded. 
The feedrate cannot be clamped to a 
parameter-set maximum cutting feedrate. 
No time is added to the cumulative cutting time. 
Even if this command is executed, the cutting 
in-progress signal is not output. 
The operation between blocks for feed with a 
specified feedrate is performed in the cutting 
mode. 
For this command, the feedrate arrival signal SAR 
(G029.4) cannot be used. 





-  Feedrate specification range 
The table below indicates the feedrate specification range. 



































Linear axis ‘ : 
=F 3 Rotation axis 
Metric input Inch input (degimin) 
(mm/min) (inch/min) 

IS-A 10. to 240000. 0.1 to 6553.5 10. to 240000. 

IS-B 1. to 65535. 0.01 to 655.35 1. to 65535. 
IS-C 0.1 to 6553.5 0.001 to 65.535 0.1 to 6553.5 
IS-D 0.01 to 655.35 0.0001 to 6.5535 0.01 to 655.35 
IS-E 0.001 to 65.535 0.00001 to 0.65535 0.001 to 65.535 
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NOTE 
1 Be sure to set the following parameters to 0: 
F10 (bit 3 of parameter No. 8002) 
EFD (bit 4 of parameter No. 8006) 
PF1 (bit 4 of parameter No. 8002) 


PF2 (bit 5 of parameter No. 8002) 

When a value other than 0 is set, the feedrate 
specification range changes, depending on the set 
parameter. 

A value less than the lowest feedrates indicated 
above is discarded. 





-  Feedrate override 
With bit 2 (OVE) of parameter No. 8001, whether to use the 
feedrate override signal (*FV) for an NC statement or the 
feedrate override signal (*EFV) dedicated to PMC axis control 
can be chosen. 


NOTE 
1 The second feedrate override function cannot be 


used. 
2 The feedrate override function cannot be disabled 
using #3004. 





- Override cancel 
With bit 2 (OVE) of parameter No. 8001, whether to use the 
feedrate override cancel signal (OVC) for an NC statement or the 
feedrate override cancel signal (EOVC) dedicated to PMC axis 
control can be chosen. 


- Operation between blocks 
If feed with a specified feedrate is performed in succession in 
RTM statements, no stop occurs between blocks, but the next 
block is executed. With the accumulated pulse zero check 
signal (ELCKZg) for PMC axis control, an accumulated pulse 
zero check can be made between blocks specifying feed with a 
specified feedrate. 


NOTE 
1 The error detect signal (SMZ) cannot be used. 
2 With the accumulated pulse zero check signal 


(ELCKZg) for PMC axis control, an accumulated 
pulse zero check can be made between blocks 
specifying feed with a specified feedrate for feed on 
the same axis only. 





- Acceleration/deceleration time constant 
For an acceleration/deceleration time constant to be used for feed 
with a specified feedrate in an RTM statement when exponential 
acceleration/deceleration is used, whether to use the time 
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constant for an NC statement or the time constant dedicated to 
PMC axis control can be chosen using parameter No. 8030. 


NOTE 


Look-ahead acceleration/deceleration before 
interpolation cannot be used. 





- Feed with a specified feedrate (feed per revolution) 
A movement is made at a feedrate specified in F on an axis 
from the current position to the point separated by a specified 
value. 


Format 





I! ZDO ; 
G95 G91 GO1IP_—s_—~F___; 
ZEND ; 
G95: Gcode for feed per revolution 
G91: Gcode for incremental command 
IP __: Travel distance 
F__: Feedrate command (mm/rev or inch/rev) 











NOTE 

1 Only one axis can be specified in one block. 

2 The absolute command (G90) cannot be specified. 

3. The block overlap function cannot be used. 

4 Besure to set the parameters below to 0. Ifa 
value other than 0 is set, the feedrate specification 
range changes, depending on the set parameter. 

FR1 (bit 6 of parameter No. 8002) 

FR2 (bit 7 of parameter No. 8006) 
The feedrate is clamped to the maximum cutting 
feedrate set in parameter No. 8022. (Parameter 
No. 1430 for an NC statement is not valid for this 
command.) 
To use feed per revolution, a position coder is 
required at all times. (Bit 0 (NPC) of parameter No. 
1402 is not applicable to this command.) 
No time is added to the cumulative cutting time. 
Even if this command is executed, the cutting 
in-progress signal is not output. 
The operation between blocks for feed with a 
specified feedrate is performed in the cutting mode 
at all times. 

10 For this command, the feedrate arrival signal SAR 

G029.4) cannot be used. 





-  Feedrate specification range 
The table below indicates the feedrate specification range. 
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Linear axis ; ; 
— : Rotation axis 
Metric input Inch input (deg/rev) 
(mm/rev) (inch/rev) 2 
T series 0.001 to 65.535 0.000001 to 0.65535 0.001 to 65.535 
M series 0.01 to 500.00 0.0001 to 6.5535 0.01 to 500.00 








-  Feedrate override 
With bit 2 (OVE) of parameter No. 8001, whether to use the 
feedrate override signal (*FV) for an NC statement or the 
feedrate override signal (*EFV) dedicated to PMC axis control 
can be chosen. 


NOTE 
1 The second feedrate override function cannot be 


used. 
2 The feedrate override function cannot be disabled 
using #3004. 





- Override cancel 
With bit 2 (OVE) of parameter No. 8001, whether to use the 
feedrate override cancel signal (OVC) for an NC statement or the 
feedrate override cancel signal (EOVC) dedicated to PMC axis 
control can be chosen. 


- Operation between blocks 
If feed with a specified feedrate is performed in succession in 
RTM statements, no stop occurs between blocks, but the next 
block is executed. With the accumulated pulse zero check 
signal (ELCKZg) for PMC axis control, an accumulated pulse 
zero check can be made between blocks specifying feed with a 
specified feedrate. 


NOTE 
1 The error detect signal (SMZ) cannot be used. 
2 With the accumulated pulse zero check signal 


(ELCKZg) for PMC axis control, an accumulated 
pulse zero check can be made between blocks 
specifying feed with a specified feedrate for feed on 
the same axis only. 





- Acceleration/deceleration time constant 
For an acceleration/deceleration time constant to be used for feed 
with a specified feedrate in an RTM statement when exponential 
acceleration/deceleration is used, whether to use the time 
constant for an NC statement or the time constant dedicated to 
PMC axis control can be chosen using parameter No. 8030. 


NOTE 


Look-ahead acceleration/deceleration before 
interpolation cannot be used. 





- 529 - 


17.REAL-TIME CUSTOM MACRO _ PROGRAMMING B-63944EN/02 


- Reference position return 
A movement is made at the rapid traverse rate to the first reference 
position on a specified axis. Upon completion of reference position 
return, the return completion lamp is turned on. 


Format 





I! ZDO ; 
G91 G28 IP 0; 
ZEND ; 
G91 :G code for incremental command 
IP 0 : Specify an axis on which reference position return is to 
be performed. 
Be sure to specify 0 as the travel distance. 











NOTE 

1 Only one axis can be specified in one block. 

2 No intermediate point may be specified. (Be sure 
to specify O as the travel distance. Otherwise, P/S 
alarm 410 is issued.) If a movement needs to be 
once made to an intermediate point, specify 
positioning with rapid traverse (G00)/machine 
coordinate system selection (G53) then specify this 
command. 

The absolute command (G90) cannot be specified. 
When using this function, be sure to set bit 0 (RPD) 
of parameter No. 8002 to 0. 

Before this command can be specified, a reference 
position must be established. (With this command, 
do not specify an axis on which a reference 
position is not established.) 

Before specifying this command with the T series, 
cancel tool offset and tool-nose radius 
compensation. Before specifying this command 
with the M series, cancel cutter compensation, tool 
length compensation, and tool offset. 





- Rapid traverse override 
With bit 2 (OVE) of parameter No. 8001, whether to use the 
rapid traverse override signal for an NC statement or the rapid 
traverse override signal dedicated to PMC axis control can be 
chosen. 


NOTE 
Even if bit 4 (RFO) of parameter No. 1401 is set to 


1, rapid traverse does not stop with a cutting feed 
override of 0%. 
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- Machine coordinate system selection 


Format 


When a position in the machine coordinate system is specified, a 
movement is made to the position on the axis by rapid traverse. The 
G53 code for machine coordinate system selection is a one-shot G 
code, so that a command in the machine coordinate system is valid in 
the block that specifies G53. When moving the tool to a 
machine-specific position such as a tool change position, perform 
programming in the machine coordinate system based on G53. 





//ZDO ; 
G90 G53 IP _; 
ZEND ; 
G90: Gcode for absolute command 
IP __: Position in machine coordinate system 











NOTE 
Only one axis can be specified in one block. 
The incremental command (G91) cannot be 
specified. 
When using this function, be sure to set bit 0 (RPD) 
of parameter No. 8002 to 0. 
Before this command can be specified, a reference 


position must be established. (With this command, 
do not specify an axis on which a reference 
position is not established.) 

Before specifying this command with the T series, 
cancel tool offset and tool-nose radius 
compensation. Before specifying this command 
with the M series, cancel cutter compensation, tool 
length compensation, and tool offset. 





- Rapid traverse override 
With bit 2 (OVE) of parameter No. 8001, whether to use the 
rapid traverse override signal for an NC statement or the rapid 
traverse override signal dedicated to PMC axis control can be 
chosen. 


NOTE 
Even if bit 4 (RFO) of parameter No. 1401 is set to 


1, rapid traverse does not stop with a cutting feed 
override of 0%. 
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17.8 NOTES 


- Address without the decimal point 
In general, an NC address without the decimal point is subject to 
calculator-type decimal point input when bit 0 (DPI) of parameter No. 
3401 or bit 0 (AXDx) of parameter No. 3455 is set to 1. In other 
cases, an NC address without the decimal point is regarded as a least 
input increment. 


- Indirect axis address specification 
When indirect axis address specification is used, use a direct reference 
argument. No indirect reference may be used. 
Example) 
AX[1] Correct 
AX[#RV[0]] Incorrect 


- Diameter specification/radius specification 
For an axis to be controlled with an RTM statement, select radius 
specification. (Set bit 3 (DIA) of parameter No. 1006 to 0.) 


- P/S alarm 224 

If bit 0 (ZRN) of parameter No. 1005 is set to 0, and an axis control 
command is specified in an NC statement before a reference position 
return operation is not performed even once after power-up, P/S alarm 
224 (ZERO RETURN NOT FINISHED.) is issued. In axis control 
using an RTM statement, the alarm is not issued even when bit 0 
(ZRN) of parameter No. 1005 is set to 0, unless bit 6 (EZR) of 
parameter No. 8006 is set to 1. 


- Axis removal 
Even when axes are removed, interlock is not applied to the axis being 
controlled by an RTM statement. 


- Stroke limit check before movement 
No stroke limit check before movement is made with a block in an 
RTM statement. 


- Others 


For the axis being controlled by an RTM statement, the functions 
disabled for PMC axis control cannot be used. 


- Other disabled functions 
For the axis being controlled by an RTM statement, the functions 
listed below as examples are disabled. 
Do not specify these functions for the axis being controlled by an 
RTM statement. 
- Feed-forward 
- Advanced preview feed-forward 
- Fine acceleration/deceleration 
- Automatic corner deceleration 
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- One-digit F code feed 

- Scaling 

- Coordinate system rotation 

- Polar coordinate interpolation 

- Balance cutting 

- Feed stop 

- Constant surface speed control 

- Positioning function based on optimal acceleration, etc. 


Z\ CAUTION 

In an RTM statement, do not specify an axis used 

with any of the following functions: 

- Feed axis synchronization control 
Be sure to set the simple synchronous axis 
selection signal (SYNCn) and simple synchronous 
manual feed axis selection signal (SYNCJn) of 
the axis to 0. 

- Axis recomposition 

- Index table indexing 

- Three-dimensional coordinate system conversion 

- Rigid tapping 

- Compound machining 

- Polygon turning 

- Cs contour control 

- Al contour control I/II 





- 533 - 


17.REAL-TIME CUSTOM MACRO _ PROGRAMMING B-63944EN/02 


17.9 LIMITATION 


Major general notes on RTM commands are provided below. 


- Background drawing 
The RTM command has no effect in background drawing. Do not 
specify an RTM command during background drawing. 


- Interrupt-type custom macro 
In an interrupt-type custom macro, no RTM command can be coded. 


- Macro executor 

In a macro executor, no RTM command can be coded. 

Moreover, no macro executor can be coded from an RTM command. 

In a series of programs, do not code a macro executor (execution 

macro) and RTM command at the same time. 

In addition, observe the following: 

- Do not code an RTM command in a program that uses an 
execution macro. 

- Do not call an execution macro from a program with an RTM 
command coded. 

- Do not code an RTM command in an execution macro. 

- Do not use an execution macro as an RTM command trigger. 


- Sequence number 
No sequence number can be coded in an RTM command. No RTM 
command can be searched for a sequence number. 


- Optional block skip 
Optional block skip is unusable. 
A slash (/) that appears in the middle of <expression> (enclosed in [ ] 
on the right-hand side of an arithmetic/logical expression) is regarded 
as a division operator; it is not regarded as an optional block skip 
code. 


- Single block 
When an RTM command is used, a single block stop generally occurs 
according to an NC statement, regardless of the values of bit 5 (SBM) 
of parameter No. 6000 and bit 7 (SBV) of parameter No. 6000. 
However, no single block stop occurs according to G65 for real time 
macro call. 


- Processing 
If there are many RTM statements between NC statements, the 


command flow may break. 


- DNC operation 
DNC operation is disabled. 
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- Operation in each event 
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If an event such as an emergency stop or alarm occurs during 
execution of an RTM command, the NC command and RTM 
command generally operate as indicated below. 





Event 


NC command 


RTM command consisting of 
a macro command 


RTM command including an axis 
control command 








P/S alarm issued 
in NC command 
execution 


Operation stops 
when the block 
involving the P/S 
alarm cause starts. 


The RTM command stops 
when the NC command stops. 


If the RTM statement being executed 
when the NC command stops is an axis 
control command, operation on the axis 
stops when the block stops. 





Alarm issued in 
RTM command 
execution 


Operation stops with 
the alarm. 


The RTM statement stops at 
that point. Other RTM 
commands stop when the NC 
command stops. 


The RTM statement stops at that point. 
Other RTM commands stop operation 
on the axis when axis control by the 
RTM statement being executed when 
the NC statement stops ends. 





Single block (SBK 
signal) 


Operation stops 
when the command 
being executed 
ends. 


The RTM command is 
suspended when the NC 
command stops. 

When the NC command 
restarts, the RTM command 
restarts. 


If the RTM statement being executed 
when the NC command stops is an axis 
control statement, operation on the axis 
stops when the block ends. 





Feed hold (*SP 
signal) 


A gradual stop 
occurs. 


The RTM command stops 
when the NC command stops. 
When the NC command 
restarts, the RTM command 
restarts. 


If the RTM statement being executed 
when the NC command stops is an axis 
control statement, operation on the axis 
stops when the block ends. 





NC command 
stopped by a reset 
(ERS signal) 


A gradual stop 

occurs, and the 
command also 

ends. 


The RTM command stops 
when the NC command stops. 


If the RTM statement being executed 
when the NC command stops is an axis 
control command, operation on the axis 
stops when the block ends. 





Emergency stop 


An immediate stop 
occurs, and the 
command also 
ends. 


The command immediately 
ends. 


Operation on the axis immediately 
stops, and the command also 
immediately ends. 





End of the NC 
command 


If the RTM command being 
executed is a one-shot RTM 
command, the command ends. 
If the RTM command being 
executed is a modal RTM 
command, the command 
continues execution. 


If the one-shot RTM command being 
executed when the NC command ends 
is an axis control command, operation 
on the axis stops when the block ends. 





Machine lock 


The NC command is 


The RTM command operates. 


The RTM command can be enabled. 





(MLK signal) valid. For details, see the description of the 
axis control command. 

Dry run (DRN The NC command is | The RTM command operates. | The RTM command can be enabled. 

signal) valid. For details, see the description of the 


axis control command. 





Interlock (*IT 
signal) 











The NC command is 
valid. 





The RTM command operates. 





The RTM command can be enabled. 
For details, see the description of the 
axis control command. 
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PROGRAMMABLE PARAMETER INPUT 
(G10) 








Overview 
The values of parameters and pitch error compensation data can be 
entered in a program. This function is used for setting pitch error 
compensation data when attachments are changed or the maximum 
cutting feedrate or cutting time constants are changed to meet 
changing machining conditions. 
Format 
- Prameter entry mode 
G10L82 ; Parameter entry mode setting 
N_R_; For parameters other than the axis type 
N_P_R_; For axis type parameters 
G11; Parameter entry mode cancel 


N_ : Parameter number 

R_ : Parameter setting value (Leading zeros can be 
omitted.) 

P_ : Axis number 1 to maximum controlled axis number (to 
be specified when an axis type parameter or spindle 
type parameter is specified) 











NOTE 


G10L52 cannot be used to enter pitch error 
compensation data. 





- Pitch error compensation data entry mode 











G10L50 ; Pitch error compensation data entry mode 
setting 
N_R_; Pitch error compensation data entry 
N_P_R_; For axis type parameters 
G11; Pitch error compensation data entry mode 
cancel 
N_ : Compensation position number for pitch errors 
compensation +10,000 
R__ : Pitch error compensation data 
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NOTE 
G10L50 cannot be used to enter parameter. 


Explanation 

- Setting value (R_) 
Do not use a decimal point in the setting (R_) of a parameter or pitch 
error compensation data. As the value of R, a custom macro variable 
can be used. 
When a parameter of real type is used, set an integer value in (R_) 
according to the increment system of the parameter. 


- Axis number (P_) 
As the axis number (P_), specify the order of a controlled axis to be 
displayed on the CNC display screen, by using an axis type parameter. 
For example, specify P2 for the control axis which is displayed 
second. 


/A\ WARNING 

1 Do not fail to perform reference position return 
manually after changing the pitch error 
compensation data or backlash compensation 
data. Without this, the machine position can 
deviate from the correct position. 

2 The canned cycle mode must be cancelled before 
entering of parameters. When not cancelled, the 
drilling motion may be activated. 


/A\ CAUTION 
Compatibility with the Series 167/187/21i: 
This model has parameters that are not compatible 
with the Series 167/187/21i. So, before using this 
function, make a check according to the parameter 
manual (B-63950EN) of this model. 


NOTE 
Other NC statements cannot be specified while in 
parameter input mode. 
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1. Set bit 2 (SBP) of bit type parameter No. 3404 








G11; 


G10L52 ; 
N3404 R 00000100 ; SBP setting 


Parameter entry mode 





Cancel parameter entry mode 





2. Change the values for the Z-axis (3rd axis) and A-axis (4th axis) 
in axis type parameter No. 1322 (the coordinates of stored stroke 
limit 2 in the positive direction for each axis). 

(When the increment systems for the 3rd and 4th axes are IS-B 
and millimeter machine, respectively) 





G11; 





G10L52 ; 
N1322P3R4500 ; 
N1322PP4R12000 ; Change the value for the A-axis to 


Parameter entry mode 
Change the value for the Z-axis to 4.500 


12.000 
Cancel parameter entry mode 








3. Change compensation point numbers 10 and 20 of pitch error 
compensation. 





G11; 





G10L50 ; 


N10010R1 ; 


N10020RS ; 


Pitch error compensation data entry 
mode 

Change the compensation point number 
from 10 to 1 

Change the compensation point number 
from 20 to 5 

Pitch error compensation data entry 
mode 
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19.7 AlCONTOUR CONTROL FUNCTION | AND Al CONTOUR 
CONTROL FUNCTION II (G05.1) 


Overview 
The AI contour control I and AI contour control II functions are 
provided for high-speed, high-precision machining. This function 
enables suppression of acceleration/deceleration delays and servo 
delays that become larger with increases in the feedrate and reduction 
of machining profile errors. 
There are two types of AI contour control; these two types are referred 
to temporarily as AI contour control I and AI contour control II. AI 
contour control I is designed mainly for part machining, and AI 
contour control II is for machining of successive minute straight lines 
such as mold machining and for machining by curve commands in 
NURBS and so on. 
When a high-speed processing option is used with AI contour control 
II, high-speed operation processing is enabled, which reduces the 
interpolation cycle, therefore, faster and more precise machining is 
enabled. In addition, an option to expand read-ahead blocks to up to 
1000 blocks is available. 
In the descriptions below that are common to AI contour control I and 
Al contour control I, the term "AI contour control" is used. 


Format 





G05.1Q_; 
Q1: Al contour control mode on 
QO: Al contour control mode off 











NOTE 
Always specify G05.1 in an independent block. 
The Al contour control mode is also canceled by a 


reset. 

The Al contour control mode can be turned on at 
the start of automatic operation by setting bit 0 
(SHP) of parameter No. 1604. 





The AI contour control mode can be controlled also with the formats 
that have been used for the conventional advanced preview control, 
high-precision contour control, and AI high-precision contour control 





functions. 
G08 P_; 
P1: Al contour control mode on 
PO: Al contour control mode off 
G05 P_; 
P10000 : Al contour control mode on 
PO: Al contour control mode off 
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NOTE 

1 Always specify G08 and G05 in an independent 
block. 
G05 can be specified only for Al contour control II. 


2 

3 The Al contour control mode is also canceled by a 
reset. 
Valid functions are limited depending on the 
command format. For details, see the description 
of "Valid functions". 





Valid functions 
The functions listed below are valid in the AI contour control mode. 


Valid functions are limited depending on the command format and 
whether AI contour control I or II is used. 


Al contour control | Al contour control Il Al ceo ne sshuok 
high-speed processing 

Number of blocks read 30 200 600 °) 
ahead (When G68 is specified: 1) | (When G8 is specified: 1) | (When G8 is specified: 1) 


Look-ahead 
acceleration/deceleration 
before interpolation 


difference on each axis 

Speed control with 

acceleration in circular Enabled Enabled Enabled 
interpolation 


Enabled Enabled Enabled 
(When G8 is specified: (When G68 is specified: (When G68 is specified: 
Not enabled) Not enabled) Not enabled) 

Enabled Enabled 
Smooth speed control Not enabled (When G8 is specified: (When G8 is specified: 
Not enabled) Not enabled) 


Speed control with cutting Netenabled Enabled Enabled 
load 

Disregard of feedrate Net enabled Enabled Enabled 
command 


*1 The number of blocks can optionally be expanded to 1000 
blocks. 


Linear or bell-shaped Linear or bell-shaped Linear or bell-shaped 
acceleration/deceleration acceleration/deceleration acceleration/deceleration 


Speed control with 
acceleration on each axis 





Explanation 

- Look-ahead acceleration/deceleration before interpolation 
There are two types of look-ahead acceleration/deceleration before 
interpolation, the linear acceleration/deceleration type and the 
bell-shaped acceleration/deceleration type. 
Look-ahead bell-shaped acceleration/deceleration before interpolation 
produces smoother acceleration/deceleration. 
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- Setting an acceleration 


A permissible acceleration for the linear acceleration/deceleration of 
each axis is set in parameter 1660. For _ bell-shaped 
acceleration/deceleration, acceleration change time (B) (period of 
transition from constant speed state (A) to constant acceleration/ 
deceleration state (C)) is set in parameter 1772. In the constant 
acceleration/deceleration state (C), acceleration/deceleration is 
performed with the maximum tangential acceleration not exceeding 
the permissible acceleration of each axis specified in parameter 1660. 
The acceleration change time specified in parameter 1772 is held 
constant, regardless of the tangential acceleration. 





Tangential feedrate 
uN 
An optimum gradient is 

automatically calculated from the 


y setting made in parameter 1660. 












(A) (B) (C) E (A) (8) (C) (8) (A) 





Time set in parameter 1772 











- 542 - 


B-63944EN/02 


PROGRAMMING _19.HIGH-SPEED CUTTING FUNCTIONS 


- Method of determining the tangent acceleration 


Acceleration/deceleration is performed with the largest tangent 


acceleration/deceleration that does not exceed the acceleration set for 
each axis. 


(Example) 

X-axis permissible acceleration: 1000 mm/sec” 
Y-axis permissible acceleration: 1200 mm/sec” 
Acceleration change time: 20 msec 


Program: 
N1 G01 G91 X20. F6000 Move on the X-axis. 
G04 X0.01 
N2 Y20. Move on the Y-axis. 
G04 X0.01 
N3 X20. Y20. Move in the XY direction (at 45 


degrees). 
The acceleration in N3 is 1414 mm/sec’. At this point, the 
acceleration on the X-axis is equal to the set value (1000 mm/sec’). 





Tangent feedrate 


<> 


20ms 












\ 1000mm/sec? 
gradient 









RK 


\ 
~ 1200mm/sec? 
gradient 


1414mm/sec? 
gradient 













io 


20ms 





SS > 


20ms 20ms 








- Acceleration 


Acceleration is performed so that the feedrate programmed for a block 
is attained at the beginning of the block. 
Acceleration can be performed over several blocks. 





Feedrate —— Speed control by look-ahead 
acceleration/deceleration before 


---- Programmed speed 








Time 
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- Deceleration 
Deceleration starts in advance so that the feedrate programmed for a 
block is attained at the beginning of the block. 
Deceleration can be performed over several blocks. 








Feedrate . Speed control by look-ahead 
Deceleration acceleration/deceleration before 
4 Start point ____ interpolation 
J Programmed speed 







Deceleration 
start point 


§ 














Time 





- Deceleration based on a distance 
If the total distance of the blocks read ahead becomes shorter than or 
equal to the deceleration distance obtained from the current feedrate, 
deceleration starts. 
If the total distance of the blocks read ahead during deceleration 
increases, acceleration is performed. 
If the blocks of a small amount of travel are successively specified, 
deceleration and acceleration may be performed alternately, making 
the feedrate inconsistent. 
To avoid this, decrease the programmed feedrate. 


- Function for changing time constant of bell-shaped acceleration/deceleration 
Bell-shaped acceleration/deceleration before interpolation is 
performed using the parameter-set acceleration and acceleration 
change time. If a low feedrate is specified, a linear acceleration/ 
deceleration may not achieve the specified acceleration as shown: 





Linear acceleration/deceleration not achieving 
specified acceleration/deceleration 


Ww > 


' 
Specified SSeS — 

i} 

i 

' 

1 

| 


Feedrate 







feedrate 






Time 
7 
P| 
I \ 
I ' 
\ ' 
( ' 
T1 : Time obtained from specified feedrate and specified acceleration (specified 


feedrate/acceleration (parameter No. 1660)) 
T2 : Acceleration change time (parameter No. 1772) 
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In such a case, set bit 3 (BCG) of parameter No. 7055 to 1. Then, the 
internal acceleration and vector time constant of 
acceleration/deceleration before interpolation are changed to make the 
acceleration/deceleration pattern as close as possible to the optimum 
bell-shaped acceleration/deceleration before interpolation based on a 
specified acceleration/deceleration reference speed, and _ so 
acceleration/deceleration time is reduced. 





Feedrate Acceleration/deceleration curve 





Specified 
feedrate 

















There are three methods for specifying the acceleration/deceleration 
reference speed. 


(1) Specifying the speed using an F in a G05.1 QI] block 

(2) Setting the speed on parameter 7066 

(3) Setting the speed specified with the F command issued at the 
start of cutting as the reference speed 


When F is specified in a G05.1Q1 block, the specified feedrate is 
assumed to be the acceleration/deceleration reference speed. This 
command can be used only in the feed per minute mode. 

If no F command is specified in a G05.1Q1 block, the feedrate 
specified in parameter No. 7066 is assumed to be the 
acceleration/deceleration reference speed. If 0 is set in parameter No. 
7066, the F command specified in the cutting start block is assumed to 
be the acceleration/deceleration reference speed. 
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- Automatic feedrate control function 
In AI contour control mode, the feedrate is automatically controlled 
by the reading-ahead of blocks. 
The feedrate is determined using the following conditions. If the 
specified feedrate exceeds the determined feedrate, acceleration/ 
deceleration before interpolation is performed to achieve the 
determined feedrate. 


<1> Feedrate changes on each axis at a corner and the permissible 
feedrate change that has been set 

<2> Expected acceleration on each axis and the permissible 
acceleration that has been set 

<3> Cutting load that is expected from the travel direction on the 
Z-axis 





iaeatie Specified tool path 


The machining error is decreased 
7 because of the deceleration by 


— Tool path assumed when 
Al contour control is not 
used 


difference in feedrate. 


—— Tool path assumed when Al 
contour control is used 





~ The machining error is decreased 
because of the deceleration with 
the acceleration. 











For details, see the explanation of each function. 
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- Speed control based on the feedrate difference on each axis at a corner 


By using the speed control based on the feedrate difference on each 
axis at a corner, if a feedrate change occurs on an axis on each axis at 
a corner, the feedrate is determined so that any feedrate difference 
exceeding the permissible feedrate difference on that axis that has 
been set for parameter No. 1783 does not occur, and deceleration is 
automatically performed. 





(Example) 


Program 
N1 G01 G91 X100. F5000 
N2 Y100. 


Tangent feedrate 
uN 





N2 


N1 


Tangent feedrate 
N 


The deceleration pV \ 








X-axis feedrate 
N 








> based on the feedrate 
difference is used. 


X-axis feedrate 





N1 N2 


Y-axis feedrate 
N 





; The feedrate difference becomes 
The tangent feedrate is small, and the feedrate on each 
smooth, but the feedrate axis becomes smooth. 
Z- on each axis is not. 7 
> Ni > 





N2 


Y-axis feedrate 
aN 











N1 N2 








N1 N2 





The method of deceleration based on the feedrate difference differs 
depending on the setting made for parameter FNW (bit 6 of No. 


19500). 


If "0" is set, the largest feedrate that does not exceed the permissible 
feedrate difference set for parameter No. 1783 is assumed to be the 
deceleration feedrate. 
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In this case, the deceleration feedrate differs if the travel direction 
differs, even if the shape is the same. 





(Example) 
If parameter FNW (bit 6 of No. 19500) = 0 and the 
permissible feedrate difference = 500 mm/min (on all axes) 


Deceleration to Deceleration to 
354 mm/min 


500 mm/min —_ 














If'"1" is set, the feedrate is determined not only with the condition that 
the permissible feedrate difference and permissible acceleration on 
each axis are not exceeded, but also that the deceleration feedrate is 
constant regardless of the travel direction if the shape is the same. 

If 1 is set for this parameter, the deceleration feedrate determined with 
the feedrate difference may be up to 30% lower than that determined 
if 0 is set. 





(Example) 
If parameter FNW (bit 6 of No. 19500) = 1 and 
permissible feedrate difference = 500 mm/min (on all axes) 


Deceleration to Deceleration to 
354 mm/min 


354 mm/min —_ 
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- Speed control with acceleration in circular interpolation 


When high-speed cutting is performed in circular interpolation, helical 
interpolation, or spiral interpolation, the actual tool path has an error 
with respect to the programmed path. In circular interpolation, this 
error can be approximated from the equation given below. 









Specified path Ar : Maximum radius error (mm) 
v__: Feedrate (mm/sec) 

Actual path °° Arc radius (mm) 

a_: Acceleration (mm/sec?) 

T, : Time constant of 
acceleration/deceleration after 
interpolation at cutting (sec) 

T, : Time constant of servo motor (sec) 














x 
1 2 9. v2 19 2 : 
anet al OY a od HTS) 1d csesssesssesssessessenseensenee (Equation 1) 


In actual machining, permissible error Ar is given, so the maximum 
permissible acceleration a (mm/sec’) in equation 1 is determined. 
When a specified feedrate causes the radial error from an arc having a 
programmed radius to exceed the permissible error, speed control with 
acceleration in circular interpolation automatically clamps the 
arc-cutting feedrate by using parameter settings. 


Let the permissible acceleration calculated from the permissible 
acceleration set for each axis be A. Then, maximum permissible 
feedrate v with programmed radius r is expressed as follows: 


WSN ACD To occcides decd vaste acansta eds has oenten oc vensteengateae ea svlecttenes (Equation 2) 


If a specified feedrate exceeds feedrate v obtained from equation 2, 
the feedrate is clamped at feedrate v automatically. 

The permissible acceleration is specified in parameter No. 1735. If 
there is a difference in permissible acceleration between two axes for 
circular interpolation, the lower acceleration is regarded as the 
permissible acceleration. 

If the radius of an arc is small, too small value can be calculated as 
deceleration v. In such a case, the lower feedrate limit can be set in 
parameter No. 1732 to prevent the feedrate from being decreased too 
much. 
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- Speed control with the acceleration on each axis 
When consecutive small lines are used to form a curve, as in the 
example shown in the figure below, the feedrate differences on each 
axis at the individual corners are not very large. Thus, deceleration 
with the feedrate differences is not effective. Consecutive small 
feedrate differences, however, cause a large acceleration on each axis, 
as a whole. 
In such a case, deceleration can be performed to reduce the impact on 
the machine and the machining error caused by too large an 
acceleration. The deceleration feedrate is determined to be the feedrate 
that does not cause the acceleration on each axis to exceed the 
permissible acceleration set for parameter No. 1737. 
The deceleration feedrate is determined for each corner. The actual 
feedrate is the smaller of the deceleration feedrate determined at the 
start point of the block and that determined at the end point. 
Depending on the specified figure, a very low deceleration feedrate 
may be calculated. In such a case, the lower feedrate limit can be set in 
parameter No. 1738 to prevent the feedrate from being decreased too 
much. 
In the following example, the acceleration (gradient of the broken line 
in the feedrate graph) at too large at corners N2 to N4 and N6 to N8 
and, therefore, deceleration is performed. 





N8 


X-axis 
feedrate 


Y-axis 
feedrate 


Tangent 
feedrate 
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The method of determining the feedrate with the acceleration differs 
depending on the setting of parameter FNW (bit 6 of No. 19500). 

If "0" is set, the highest feedrate that does not cause the permissible 
acceleration set for parameter No. 1737 to be exceeded is assumed to 
be the deceleration feedrate. In this case, the deceleration feedrate 
differs depending on the travel direction even if the shape is the same, 
as shown in the figure below. 





(Example) If a circular shape with a radius of 10 mm is specified with small 
line blocks 
Parameter FNW (bit 6 of No. 19500) = 0 
Permissible acceleration = 1000 mm/s? (on all axes) 


Tangent feedrate 







F6000 


SS 


The feedrate is 
higher in these 
directions. 


“ 


7 





‘XN 


Time 











If'"1" is set, the feedrate is determined with not only the condition that 
the permissible acceleration on each axis is not exceeded but also the 
condition that the deceleration feedrate is constant regardless of the 
travel direction if the shape is the same. 

If 1 is set for this parameter, the deceleration feedrate determined with 
the feedrate difference or acceleration may be up to 30% lower than 
that determined if 0 is set. 





(Example) If a circular shape with a radius of 10 mm is specified with small 
line blocks 
Parameter FNW (bit 6 of No. 19500) = 1, 
radius = 10 mm, permissible acceleration = 1000 mm/s? (on all axes) 


Tangent feedrate 


F6O00} ___ 


The tangent 


feedrate is 
constant. 





Time 











NOTE 


In circular interpolation, the tangent feedrate is 
constant regardless of the setting of the parameter. 
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- Smooth speed control 
In speed control with acceleration, the smooth speed control function 
recognizes the entire figure from preceding and following blocks 
including blocks read ahead to make a smooth feedrate determination. 
When a curve is specified with successive minute straight lines, 
programmed values are rounded to the least input increment before 
issued, so the machining profile is approximated with a broken line. 
When the feedrate is determined with acceleration in an ordinary 
manner, an optimum feedrate is automatically calculated exactly for a 
programmed figure, so a large acceleration may result depending on 
the command, which can lead to deceleration. 
In such a case, the use of smooth speed control enables speed control 
by recognizing the entire figure, which provides smooth speed control 
while suppressing local deceleration, therefore increasing the feedrate. 
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Also for a part of a programmed figure in which a large acceleration 
would be required, the acceleration is obtained based on the figure 
recognized from multiple blocks, and the feedrate is determined so 
that the acceleration is within the permissible acceleration set in 
parameter No. 1737. 





Alte oe SAE carte Deceleration with acceleration 
Tangential feedrate in ordinary manner 






Smooth speed control 


Command with large acceleration 






Time 
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Smooth speed control obtains the acceleration by using the figure 

recognized from the preceding and following blocks including blocks 

read ahead, so smooth speed control is enabled even in parts in which 

the acceleration increases. 

Smooth speed control is enabled under the following conditions: 

<1> Speed control with acceleration is enabled in the AI contour 
control mode. 

<2> Successive linear interpolation commands are specified. 

<3> Bit 0 (HPF) of parameter No. 19503 is set to 1. 


/\ CAUTION 
When smooth speed control is used, the feedrate in 
a certain figure such as a corner may become 
larger than the feedrate obtained by ordinary speed 
control with acceleration. For corners, set 


parameter No. 1783, which is the permissible 
feedrate difference parameter for speed control with 
the feedrate difference at corners, to perform 
appropriate deceleration by speed control with the 
corner feedrate difference. 





- Speed control with the cutting load 


Usually, the cutting resistance produced when machining is performed 
with the bottom of the cutter as the tool lowers along the Z-axis is 
greater than the cutting resistance produced when machining is 
performed with the side of the cutter as the tool rises along the Z-axis. 
Therefore, deceleration is required. 

In AI contour control, the tool travel direction on the Z-axis is used as 
a condition for calculating the machining feedrate. 

This function is enabled when parameter ZAG (bit 4 of No. 8451) is 


r 


During ascent on the Z-axis 






















7] 


During descent on the Z-axis 
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The descent angle @ during descent on the Z-axis (angle formed by the 
XY plane and the tool center path) is as shown in the figure. The 
descent angle is divided into four areas, and the override values for the 
individual areas are set for the following parameters: 


Parameter No. 8456 for area 2 
Parameter No. 8457 for area 3 
Parameter No. 8458 for area 4 


For area 1, however, no parameter is available, and an override of 
100% is used at all times. The feedrate obtained according to other 
feedrate control is multiplied by the override value of the area to 
which descent angle @belongs. 


Areal 0° < 8< 30° 

Area2 30° < @< 45° 
Area3 45°< 8< 60° 
Area4 60° < 6< 90° 


The feedrate can be overridden with an inclination by setting bit 1 
(ZG2) of parameter No. 19515 to 1. In this case, specify the override 
value for area 1 in parameter No. 19516. 





XY plane 
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/\ CAUTION 

1 The speed control with the cutting feed is effective 
only when the tool is parallel with the Z-axis. Thus, 
it may not be possible to apply this function, 
depending on the structure of the machine used. 
In the speed control with the cutting feed, the travel 
direction on the Z-axis is determined with the 
appropriate NC command. If, therefore, manual 
intervention is performed on the Z-axis with manual 
absolute on, or if a mirror image is applied on the 
Z-axis, the direction on the Z-axis cannot be 
determined. When using the speed control with the 
cutting load, do not use these functions. 
When performing three-dimensional coordinate 
conversion, determine the descent angle on the 
Z-axis using the converted coordinate system. 

4 Speed control with the cutting load is enabled for all 
interpolations in the Al contour control mode. This 
function, however, can be made valid only for 
linear interpolations by setting bit 4 (ZOL) of 
parameter No. 19503 to 1. 





- Ignoring feedrate commands 
In a block in which AI contour control is enabled, all feedrate 
commands (F commands) can be ignored by setting parameter NOF 
(bit 7 of No. 8451). 
The term feedrate commands, as used here, refer to the following 
commands: 


<1> Modal F commands before the block in which AI contour control 
is enabled 

<2> F commands and modal F commands in the block in which AI 
contour control is enabled 


When the feedrate commands are ignored, it is assumed that the upper 
feedrate limit specified for parameter No. 8465 is specified. 

Note, however, that any issued F commands and modal F commands 
are stored within the CNC. 

Thus, in a block in which AI contour control changes from the 
enabled state to the disabled state, the modal values of the F 
commands described in <1> and <2> described above are used as 
modal F commands, instead of the modal values of the F commands 
calculated by AI contour control. 
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- Another example of determining the feedrate 
If a specified feedrate exceeds the upper feedrate limit of AI contour 
control (in parameter No. 8465), the feedrate is clamped at the upper 
feedrate. The upper feedrate limit is clamped at the maximum 
cutting feedrate (parameter No. 1432). 


Limitation 
- Conditions for temporarily canceling the Al contour control mode 
If one of the commands listed below is issued in the AI contour 
control mode, the AI contour control mode is canceled temporarily. 
If the system becomes ready for AI contour control after it is canceled, 
the AI contour control mode is restored automatically. 
Positioning (rapid traverse) 
Single direction positioning 
Spindle positioning 
Rigid tapping 
Hypothetical axis interpolation 
Threading (single type, combined type) 
Electric gear box 
When no move command is specified 
One-shot G code other than the following: 
Tool offset 
Cutter compensation vector retention 
Cutter compensation corner rounding 
Exact stop 


- Functions that cannot be specified in the Al contour control mode 
In the AI contour control mode, the functions listed below cannot be 
specified. Before specifying these functions, turn off the AI contour 
control mode; after the command ends, turn on the mode again. 
e Threading 
e Circular threading 
e Variable lead threading 
Threading, circular threading, and variable lead threading can be 
specified in the AI contour control mode by setting bit 1 (THA) of 
parameter No. 1611. However, the AI contour control mode is 
automatically canceled. 
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19.2 JERK CONTROL 
19.2.1 Speed Control with Change of Acceleration on Each Axis 


Overview 

In portions in which acceleration changes largely, such as a portion 
where a programmed figure changes from a straight line to curve, 
vibration or shock on the machine may occur. Speed control with 
change of acceleration on each axis is a function to suppress 
machining errors due to vibration and machine shock generated by 
change of acceleration. This function obtains a feedrate so that 
change of acceleration is within the parameter-set permissible accel- 
eration change amount for each axis, and performs deceleration by 
using acceleration/deceleration before interpolation. 


/\ CAUTION 
Before speed control with change of acceleration on 


each axis can be used, the options for jerk control 
and Al contour control are required. 





Explanation 
In the following example, the Y-axis acceleration changes largely at 
the contact point between a linear interpolation and circular interpo- 
lation, so deceleration is performed. 





From linear interpolation (N1) to circular interpolation (N2) 
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Vibration due to change 
i of acceleration 
Feedrate i Feedrate 
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Tangential 
feedrate 
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> Time 
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- Setting the permissible acceleration change amount 
The permissible acceleration change amount for each axis is set in 
parameter No. 1788. When 0 is set in this parameter for a certain 
axis, speed control with change of acceleration is not performed for 
that axis. 


e __ Parameter setting example 

Suppose a figure shown below in which a straight line is followed by 
anarc. Let the specified feedrate and the arc radius be 6000 mm/min 
and 10 mm, respectively. Then, the Y-axis acceleration change 
amount at the contact point of the linear and arc portions is obtained 


as follows: 

y? 
—=1000mm/s? 
7 


From straight line to arc 


Specified feedrate: 6000 mm/min 


Arc radius: 10mm 


Y-axis 
acceleration 





Acceleration 
change amount: 


1000 mm/s? 
Acceleration 





To suppress the change of acceleration to 300 mm/s’, set 300 mm/s” 
for the Y-axis in parameter No. 1788. 

Note that the change of acceleration is determined from the 
interpolation data of the CNC, so it may differ from the theoretical 
value. 

The actual machine is affected by acceleration/deceleration and other 
factors, so the value to be set in the parameter should be determined 
after adjustments are made. 
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- For successive linear interpolations 
When there are successive linear interpolations, speed control with 
change of acceleration obtains the deceleration feedrate from the 
change in acceleration between the start point and end point of a 
specified block. 
When a curve is specified using successive minute straight lines, 
programmed values are rounded to the least input increment before 
issued, so the machining profile is approximated with a broken line. 
The error due to rounding may increase change of acceleration, and 
especially when the line segments specified by blocks are short, 
deceleration is performed frequently. As a result, the machining 
speed cannot increase enough. In such a case, a relatively large 
value should be set in parameter No. 1789 as the permissible 
acceleration change amount for each axis in successive linear 
interpolations to improve the machining speed. 
When a value other than 0 is set in parameter No. 1789 for an axis for 
which deceleration with change of acceleration is enabled, this setting 
is regarded as the permissible acceleration change amount at corners 
in which linear interpolations meet. (For portions where a linear 
interpolation and circular interpolation meet and where circular 
interpolations meet, the setting in parameter No. 1788 is used.) 
When 0 is set in parameter No. 1789 for an axis, the setting in 
parameter No. 1788 specifying the ordinary permissible acceleration 
change amount is used even at a corner in which linear interpolations 
meet. 
When smooth speed control is used in speed control with permissible 
acceleration in AI contour control (named temporarily), the 
deceleration feedrate is obtained from the change of acceleration 
calculated by smooth speed control. 
Therefore, the deceleration feedrate may be higher than the ordinary 
deceleration feedrate. 





When linear interpolation is followed 
by circular interpolation, speed 
< i control is performed using the 
: permissible acceleration change 
fi amount set in parameter No. 1788. 
Linear Circular 


interpolation interpolation 





For successive linear interpolations, 
speed control is performed using the 
permissible acceleration change 
amount set in parameter No. 1789. 





Linear 
interpolation 
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19.2.2 Look-Ahead Smooth Bell-Shaped Acceleration/Deceleration 
before Interpolation 


Overview 

In look-ahead bell-shaped acceleration/deceleration before interpo- 
lation performs smooth acceleration/deceleration by changing the 
acceleration at a constant rate in specified acceleration change time. 

In look-ahead smooth bell-shaped acceleration/deceleration before 
interpolation, the jerk change time is specified in parameter No. 1790 
by using the percentage to the acceleration change time for look-ahead 
bell-shaped acceleration/deceleration before interpolation, and change 
of acceleration is also controlled so that the change is bell-shaped. 
This enables smoother acceleration/deceleration, therefore reducing 
machine vibration and shock due to acceleration/ deceleration. 





(Look-ahead bell-shaped (Look-ahead smooth bell-shaped 
acceleration/deceleration before interpolation) acceleration/deceleration before interpolation) 


Tangential feedrate Tangential feedrate 


cceleration 


Acceleration | 


“iXéceleration change tim’ 
Time set in parameter No. 
1772 





Time 


Jerk | Jerk change time e Sek 
acceleration | | Time set in parameter No. acceleration 
' : | 1790 by using the aa 
percentage to the 
acceleration change time 


/\ CAUTION 
Before look-ahead smooth bell-shaped acceleration/deceleration before interpolation 
can be used, the option for jerk control and Al contour control II is required. 
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Explanation 


- Setting the jerk change time 
The jerk change time is set in parameter No. 1790 by using the 
percentage to the acceleration change time. 
The actual jerk change time is represented by the percentage to the 
acceleration change time set in parameter No. 1772. 
The jerk change time must be within a half of the acceleration change 
time, so the value to be set in the parameter ranges 0 to 50 (percent). 
If 0 or a value beyond the specifiable range is specified in parameter 
No. 1790, look-ahead smooth bell-shaped acceleration/deceleration 
before interpolation is not enabled. 


- Acceleration/deceleration before interpolation for linear type rapid traverse 
When bell-shaped acceleration/deceleration is used in acceleration/ 
deceleration before interpolation for linear type rapid traverse, 
enabling look-ahead smooth bell-shaped acceleration/deceleration 
before interpolation applies smooth bell-shaped acceleration/decel- 
eration to acceleration/deceleration before interpolation for linear type 
rapid traverse. 
In this case, the jerk change time is represented by the percentage set 
in parameter No. 1790 to the acceleration change time set in parameter 
No. 1672. 


- Optimum torque acceleration/deceleration 
When bell-shaped acceleration/deceleration is used in optimum torque 
acceleration/deceleration, enabling look-ahead smooth bell-shaped 
acceleration/deceleration before interpolation applies smooth 
bell-shaped acceleration/deceleration to optimum torque acceleration/ 
deceleration. 
In this case, the jerk change time is represented by the percentage set 
in parameter No. 1790 to the acceleration change time set in parameter 
No. 1672. 
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19.3 OPTIMUM TORQUE ACCELERATION/DECELERATION 





Overview 

This function enables acceleration/deceleration in accordance with the 
torque characteristics of the motor and the characteristics of the 
machines due to its friction and gravity and performs linear type 
positioning with optimum acceleration/deceleration during look-ahead 
acceleration/deceleration before interpolation. 

Usually, because of the friction of the machine, gravity, the torque 
characteristics of the motor, and other factors, the acceleration/ 
deceleration performance (torque for acceleration/deceleration) is 
different with direction of movement, acceleration or deceleration. In 
this function, acceleration pattern of rapid traverse for the following 
situations, plus movement and acceleration, plus movement and 
deceleration, minus movement and acceleration, minus movement and 
deceleration can be set into parameters according to the torque for 
acceleration/deceleration of each situation. 

Acceleration/deceleration can be performed according to these 
parameter setting, so that the most of the capability of the motor can 
be used and positioning time can be reduced. 
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Acceleratiog Deceleration Time 
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Acc/Dec pattern is the same way in each condition. 





Fig. 19.3 (a) Conventional acceleration/declaration 





Speed 
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Time 





‘rn can be changed in each condition. 








Fig. 19.3 (b) Acceleration/deceleration with this function 


- 562 - 


B-63944EN/02 


Explanation 


PROGRAMMING _19.HIGH-SPEED CUTTING FUNCTIONS 


Optimum torque acceleration/deceleration selects the acceleration 
pattern set with parameters on the basis of the axial movement 
direction and the acceleration/deceleration state, determines the 
acceleration for each axis from the current speed, and controls the 
tangential acceleration/deceleration for rapid traverse. 


- Setting optimum torque acceleration/deceleration 





When bit 0 (FAP) of parameter No. 19540 and bit 1 (LRP) of 
parameter No. 1401 are set to 1, and a value other than 0 is set for any 
one of the axes as the reference acceleration in parameter No. 1671 as 
shown below, rapid traverse is accelerated/decelerated by optimum 
torque acceleration/deceleration in the mode of look-ahead 
acceleration/deceleration before interpolation. 


Table 19.3 (a) Optimum torque acceleration/deceleration 


Parameter paianicter 
Be LRP Reference eevee Acceleration 
(Optimum z 5 acceleration 
(Linear type | acceleration : pattern 
torque change time 
acc/dec) 


positioning) 


See "Setting an 
acceleration 
pattern". 

To enable bell-shaped acceleration/deceleration in addition to 
optimum torque acceleration/declaration, set the bell-shaped accel- 
eration change time with parameter No.1672. 


Parameter Parameter 
(No.1671) (No.1672) 


- Required conditions in addition to parameter setting 


If the conditions for performing AI contour control and for 
acceleration/deceleration before interpolation are satisfied, optimum 
torque acceleration/deceleration is performed for accelerating and 
decelerating rapid traverse. If rapid traverse is subject to optimum 
torque acceleration/deceleration, after-interpolation acceleration/ 
deceleration does not apply to rapid traverse. 


- Cases in which optimum torque acceleration/ deceleration is disabled 


If optimum torque acceleration/deceleration is disabled by parameter 
settings, or the required conditions other than parameter settings are 
not satisfied, acceleration/deceleration after interpolation is used to 
accelerate and decelerate rapid traverse. 
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- Setting acceleration pattern data 
Acceleration 


ae Acceleration pattern 





Fig. 19.3 (c) Setting acceleration pattern 


Set the speed and the acceleration at each of the acceleration setting 
points PO to PS for each condition, plus movement and acceleration, 
plus movement and deceleration, minus movement and acceleration, 
minus movement and deceleration, and for each axis. 

The line joining the acceleration setting points is regarded a 
acceleration pattern. 

For example, while the speed is between Fa and Fb in the previous 
figure, the acceleration is calculated with Aa and Ab. Tangential 
acceleration is controlled not to exceed the calculated acceleration for 
each axis. 


/\ CAUTION 
It is not desirable to set an acceleration pattern in 
which a large acceleration is set right at a speed of 
0, because this will shock the machine. For this 
reason, be sure to set a low acceleration ata 
speed of 0, as in the figure above. 





Table 19.3 (b) Parameters for acceleration pattern 


Acceleration Speed During During During During 
setting point | parameter | movement in | movement in | movement in | movement in 
plus minus plus minus 
direction direction direction direction 


(Speed 0) No.19545 No.19551 No.19557 No.19563 
No.19541 No.19546 No.19552 No.19558 No.19564 
No.19542 No.19547 No.19553 No.19559 No.19565 


No.19544 No.19549 No.19555 No.19561 No.19567 
No. 1420 No.19550 No.19556 No.19562 No.19568 


The speed at PO is 0, and the speed at P5 is the rapid traverse rate 
specified with parameter (No. 1420). The speeds at P1 to P4 are to 





for 
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be set into speed parameters Nos. 19541 to 19544 as ratio to the rapid 
traverse speed (parameter No. 1420). 
Any acceleration setting point for which the speed parameter (Nos. 
19541 to 19544) is set to 0 will be skipped, and the next point whose 
speed parameter is set to a non-zero value will be joined together as 
acceleration pattern. 
The accelerations at PO to P5 are to be set into acceleration parameters 
Nos. 19545 to 19568 as ratio to the reference acceleration. If any of 
the acceleration parameters Nos. 19545 to 19568 is set to 0, the 
acceleration is assumed 100% (Reference acceleration). Acceleration 
parameters should be set to 0 at the acceleration setting point whose 
speed parameter is set to 0. 
If this function is enabled and parameter No.1671 for an axis are set to 
0, the following values are assumed as the reference acceleration for 
that axis: 

1000.0mm/sec’, 100.0inch/sec’, 100.0 deg/sec” 


- Example of setting acceleration pattern data 


In this example, the machine is equipped with the «30/4000is. 
Motor speed at rapid traverse is 3000 (min’’). 
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Fig. 19.3 (d) Speed-torque characteristics of model «30/4000is 


Specifications of the motor model «30/4000is 


Rotor inertia :0.0099(Kgm’) 

Maximum torque :100(Nm) Speed 0 to 2000(min’') 
Torque at rapid traverse :79(Nm) Speed 3000(min’) 
Minimum torque :58(Nm) Speed 4000(min’) 


It assumes that 10 (Nm) is needed for the friction torque, so that the 
torque for acceleration/deceleration is shown as the following figure. 
Because the friction torque is different on each machine, it is 
necessary to observe the actual torque output on the machine. 


Maximum torque :90(=100-10)(Nm) Speed 0 to 2000(min’') 
Torque at rapid traverse :69(=79-10)(Nm) Speed 3000(min’') 
Minimum torque :48(=58-10)(Nm) Speed 4000(min”™) 
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Fig. 19.3 (e) Torque for Acc/Dec with consideration of friction 


Let the torque be x (Nm), the inertia be y (Kgm”), and the ball screw 
pitch p (mm), then the acceleration A is calculated as follows: 








x[N-m] — p x([kg:m/sec?][m]) p 
a ya [mm] = 7 x [mm] 
ykg-m'] 22 y[kg +m] 2n 
iar 2 [mm /sec? ] 
2nxy 


Machine specification is assumed as follows, 
Ball screw pitch : 16 (mm) 
Inertia : The machine inertia is to be 2.0 times higher than 
that of the rotor. 
(Rotor inertia: 0.0099 (Kgm’)) 
The acceleration at maximum torque 90 (Nm) is, 
90x16 
22 x3.0x 0.0099 
The acceleration at torque 69 (Nm) in rapid traverse 3000 (min”) is, 
69 x16 
22 x3.0x 0.0099 


=7717[mm/ sec” ] 





= 5916[mm/sec?] 


From the above data, the parameters related to acceleration pattern is 
given in the table below. 

The example assumes that the acceleration is the same regardless of 
whether acceleration or deceleration is in progress or whether the 
movement is in the plus or minus direction. 


e When setting the speed at P1, use the following value as a rough 
guide: 
If a bell-shaped acceleration change time (parameter No. 1672) is 
set, use as a rough guide the ratio of the following speed to the 
rapid traverse rate: 
Reference acceleration x T2/4 
where T2 is the bell-shaped acceleration change time (msec). 
For example, assume T2 to be 40 msec, then the speed at Pl 
should be approximately 
4124 [mm/sec’]x40 [msec]/4 
=4124 [mm/sec”]x60°x40 [msec]/60000/4 
=2474 [mm/min] 
e If no bell-shaped acceleration change time (parameter No. 1672) 
is set, use about 5% of the rapid traverse rate as a rough guide. 
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Table 19.3 (c) Example of setting parameters related to acceleration pattern 


| | ParameterNo. | Setting | Unit _| Remarks 


Rapid 
traverse rate 


1420 48000. mm/ 
min 


The ball screw pitch is assumed 16 
mm, so that the rapid traverse rate is 
48000 mm/min at the maximum speed 
3000 (min). 


Reference 1671 4124. msec Reference acceleration is 
acceleration 4124mm/sec?. 


Speed atP1 | 19541 0.01% 


Speed atP2 | 19542 6666 0.01% 


Speeds at P3 | 19543 to 19544 0.01% 
to P4 


- Assuming that parameter No. 1672 
(bell-shaped acceleration change 
time) is set to 40 (msec), the speed 
at P1 will be 2474 mm/min from the 
calculation described on the 
previous page. Set its ratio to the 
rapid traverse rate, or 5.15%. 
0.0515=2474/48000 
If parameter No. 1672 (bell-shaped 
acceleration change time) is not 
set, set about 5.00%. 

Since the torque characteristic is 

constant (90 Nm) in speeds reaching 

2000 min”, set P2 to the ratio of the 

speed (32000 mm/min) at 2000 min" 

to the rapid traverse rate (48000 

mm/min). 

0.6666=32000 / 48000 

P3 to P4 are skipped because the 

torque drops almost linearly from the 

speed 

2000 (min’') 





) to 3000 (min”') 


Acceleration 19545,19551, 9356 0.01% Set half the acceleration at PU, or 
at PO 19557 ,19563 9356. 


19546,19552, 
19558,19564 


Acceleration 
at P1 


18712 0.01% 


Acceleration 18712 0.01% 


at P2 


19547,19553 
19559,19565 


At P1, 90(Nm) can be used for the 
acceleration/deceleration, so set the 
ratio 7717 (mm/sec?) to 4124 
(mm/sec’). 

(1.8712 = 7717/4124) 

At P2, set the same speed as that at 
P1. 





0.01% 


14345 0.01% 


Acceleration 
at P3 to P4 


19548 to 19549, 
19554 to 19555, 
19560 to 19561 
19566 to 19567 
19550,19556 
19562,19568 


Acceleration 
at P5 


0 is set because P3 to P4 are 
skipped. 


At P5, 69(Nm) can be used for the 
acceleration/deceleration, so set the 
ratio 5916 (mm/sec?) to 4124 
(mm/sec’). 

(1.4345 = 5916 / 4124) 





With the above parameter settings, the acceleration pattern will be 
shown as the following figure. From speeds from 0 mm/min to 2474 
mm/min, the acceleration as calculated in accordance with the 
acceleration pattern is applied; from speeds from 2474 mm/min to 
32000 mm/min, an acceleration of 7716 mm/sec’; and from speeds 
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from 32000 mm/min to 48000 mm/min, the acceleration as calculated 
in accordance with the acceleration pattern. 
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Fig. 19.3 (f) Acceleration pattern with consideration of friction 


NOTE 
The values in the model «30/4000is speed-torque 
characteristic diagram are just typical ones. The 
values will change depending on the digital servo 


software, parameters, input voltage, and other 
factors. 

The optimum acceleration will, therefore, change 
due to the characteristics of the machine. 





- Examples of setting if the acceleration pattern differs depending on whether 
acceleration or deceleration is in progress and whether the movement is in the 
minus or plus direction 

From the effect of gravity and _ friction, torque for 
acceleration/deceleration is different on each condition, such as 
acceleration, deceleration or plus move (up), minus move (down). 

The following example is for the vertical axis and gravity and friction 
torque are assumed as follows. 

Torque of gravity : 20 (Nm) 

Torque of friction : 10 (Nm) 

Because these value are different on each machine, it is necessary to 
observe the output torque on the actual machine for deciding 
acceleration pattern. The conditions are the same as the previous 


example. 
(Condition) 
Motor speed at rapid traverse : 3000(min'') 
Ball screw pitch : 16(mm) 
Inertia : The machine inertia is to be 2.0 times higher than 
that of the rotor. 
Rotor inertia : 0.0099(K gm’) 
Maximum torque :100(Nm) Speed 0 to 2000(min’') 
Torque at rapid traverse :79(Nm) Speed 3000(min’') 
Minimum torque :58(Nm) Speed 4000(min™) 
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In case of plus move (up) and acceleration 
Because torque of Gravity and friction work against the output 
torque of motor, the torque for acceleration/deceleration is as 
follows. 
Maximum torque : 70(=100-20-10) (Nm) 
Speed 0 to 2000(min’') 
Torque at rapid traverse : 49(=79-20-10) (Nm) 
Speed 3000(min”") 
Minimum torque : 28(=58-20-10) (Nm) 
Speed 4000(min”") 


fo) 
oO 





So ff OD 
oo oO 


2000 
Speed(min’') 





Fig. 19.3 (g) Torque for Acc/Dec in case of + move and acceleration 


Parameter setting is as follows, 


| | ParameterNo. | Setting | unit | Remarks 





Acceleration é Set half the acceleration at P1, or 
19545 7277 0.01% 7277. 


Acceleration 
at P1-P2 


At P1 and P2, 70(Nm) can be used for 
the acceleration/ deceleration, so set 


19546,19547 14554 0.01% the ratio 6002 (mm/sec’) to 4124 


(mm/sec’). 
(1.4554 = 6002 / 4124) 


Acceleration é O is set because P3 to P4 are 
at P3-P4 19548 to 19549 fo | 0.01% gkipped. 





At P5, 49(Nm) can be used for the 
Aeeslsration acceleration/deceleration, so set the 
19550 10187 0.01% ratio 4201 (mm/sec’) to 4124 
at P5 2 
(mm/sec’). 
(1.0187 = 4201 / 4124) 





2 


Acceleration mm/sec 





7000 
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2000 
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0 8000 16000 24000 32000 40000 48000 
Speed mm/min 








Fig. 


19.3 (h) Acceleration pattern in case of + move and acceleration 
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(2) Incase of plus move (up) and deceleration 
Because torque of Gravity and friction work forward to the 
output torque of motor, the torque for acceleration/deceleration is 
as follows. 
Maximum torque : 130(=100+20+10) (Nm) 
Speed 0 to 2000(min’') 
Torque at rapid traverse : 109(=79+20+10) (Nm) 
Speed 3000(min”") 
Minimum torque : 88(=58+20+10) (Nm) 
Speed 4000(min-1) 





> 
= 
= 
Ss 
o 
3 
fom 
S 
fo) 
ke 


2000 
Speed(min ') 





Fig. 19.3 (i) Torque for Acc/Dec in case of + move and deceleration 


Parameter setting is as follows, 


| | ParameterNo. | Setting | unit_| Remarks 


falas 19557 13514 | 0.01% | Set half the acceleration at P1, or 13514. 


At P1 and P2, 130(Nm) can be used for 
Acceleration 5 the acceleration/ deceleration, so set the 
at P1-P2 19888, 42502 anbee BONS ratio 11146 (mm/sec” ) to 4124 (mm/sec’). 
(2.7027 = 11146 / 4124) 


peor 19560 to 19561 fo | 0.01% | O is set because P3 to P4 are skipped. 


At P5, 109(Nm) can be used for the 
Acceleration acceleration/deceleration, so set the ratio 
at P5S ieee acces evre 9346 (mm/sec2) to 4124 (mm/sec2). 
(2.2662 = 9346 / 4124) 
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Fig. 19.3 (j) Acceleration pattern in case of + move and deceleration 
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(3) Incase of minus move (down) and acceleration 
Because torque of Gravity works forward to the output torque of 
motor and torque of friction works against the output torque of 
motor, torque for acceleration/deceleration is as follows. 
Maximum torque : 110(=100+20-10) (Nm) 
Speed 0 to 2000(min’') 





Torque at rapid traverse : 89(=79+20-10) (Nm) 
Speed 3000(min”") 

Minimum torque : 68(=58+20-10) (Nm) 
Speed 4000(min”") 
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Fig. 19.3 (k) Torque for Acc/Dec in case of - move and acceleration 


Parameter setting is as follows, 


| Parameter No. | Setting | Unit_| Remarks 


ee at 19551 41435 0.01% pe the acceleration at P1, or 


At P1 and P2, 110(Nm) can be used 
for the acceleration/ deceleration, so 
set the ratio 9431 (mm/sec’) to 4124 
(mm/sec’). 

(2. 2869 = 9431 / 4124) 


Fal ce CC 
At P5, 89(Nm) ) can be used for the 
Ae lar suk acceler anon deestor anon so set the 
ps5 19556 18504 0.01% ratio 7oa) (mm/sec’) to 4124 
(mm/sec’). 
(1.8504 = 7631 / 4124) 
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Fig. 19.3 (Il) Acceleration pattern in case of - move and acceleration 
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(4) Incase of minus move (down) and deceleration 

Because torque of Gravity works against the output torque of 
motor and torque of friction works forward to the output torque 
of motor, torque for acceleration/deceleration is as follows. 
Maximum torque : 90(=100-20+10) (Nm) 

Speed 0 to 2000(min’') 
Torque at rapid traverse : 69(=79-20+10) (Nm) 

Speed 3000(min”") 
Minimum torque : 48(=58-20+10) (Nm) 

Speed 4000(min”") 
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Fig. 19.3 (m) Torque for Acc/Dec in case of - move and deceleration 


Parameter setting is as follows, 


| | Parameter No. | setting | unit | Remarks 


Saas at | 19563 9356 | 0.01% | Set half the acceleration at P1, or 9356. 


At P1 and P2, 90(Nm) can be used for 
Acceleration at 5 the acceleration/ deceleration, so set the 
P1-P2 (eOpsdaae? ene BOs ratio 7717 (mm/sec? ) to 4124 (mm/sec’). 
(1.8712 = 7717/4124) 


Acceleration at | 19566 to A 
D3_PA 19567 fo | 0.01% 0 is set because P3 to P4 are skipped. 


At P5, 69(Nm) can be used for the 
Acceleration at acceleration/deceleration, so set the ratio 
P5 Neoee a Pececial es( (mm/sec’) to 4124 (mm/sec’). 
(1.4345 = 5916 / 4124) 
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Fig. 19.3 (n) Acceleration pattern in case of - move and deceleration 
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Limitation 
- Linear type positioning 


- Modes and conditions 


- Target axes 


Acceleration pattern 
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Optimum torque acceleration/deceleration is not enabled unless 
linear-type positioning is set (bit 1 (LRP) of parameter No. 1401 is set 
to 1). 


Optimum torque acceleration/deceleration is enabled when look-ahead 
acceleration/deceleration before interpolation (or AI contour) control 
mode is active and the conditions under which look-ahead accel- 
eration/deceleration before interpolation is performed are satisfied. 


Optimum torque acceleration/deceleration cannot be performed for a 
specific axis only. All axes operated by programmed commands are 
targeted for optimum torque acceleration/deceleration. This means 
that the PMC axes are excluded. 


In the same direction move, it is necessary that the acceleration during 
deceleration is set 1/3 of one during acceleration at least. 


Also, the acceleration pattern data must be set so that the time required 
for the deceleration from the rapid traverse rate to a speed of 0 does 
not exceed 4000 (msec). This does not include the acceleration change 
time of bell-shaped acceleration/deceleration. 


If the deceleration acceleration ratio or the time required for the 
deceleration to a speed of 0 exceeds the above range, alarm (DS1710) 
will be issued at the time rapid traverse is executed. 


A slight error will occur between the specified acceleration and the 
actual acceleration. 


- Relationship with the customer board 


- Tool center point control 


Optimum torque acceleration/deceleration cannot be used from the 
customer board. 


Optimum torque acceleration/deceleration is disabled in the tool 
center point control mode (except startup and cancellation). In this 
case, positioning is accelerated/decelerated with the reference 
acceleration. 
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2 0 AXIS CONTROL FUNCTIONS 
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20.1 AXIS SYNCHRONOUS CONTROL 





Overview 





When a movement is made along one axis by using two servo motors 
as in the case of a large gantry machine, a command for one axis can 
drive the two motors by synchronizing one motor with the other. 
Moreover, by using a feedback signal from each motor, a positional 
difference (synchronous error) between the two motors is detected to 
compensate for the synchronous error. When a synchronous error 
exceeding a set value occurs, a synchronous error check can be made 
to issue an alarm and stop a movement along the axis. 


An axis used as the reference for axis synchronous control is referred 
to as a master axis (M-axis), and an axis along which a movement is 
made in synchronism with the master axis is referred to as a slave axis 
(S-axis). 





(Slave axis) 





Xx 
(Master axis) 


Fig. 20.1 (a) Example of machine with X and A being synchronous axes 


Even when synchronous error compensation is not used, the 
synchronous establishment function can be used for automatic 
compensation to eliminate a machine coordinate error in cases such as 
emergency stop cancellation. 


An external signal can be used to turn synchronization on and off. 


When synchronization is turned on and off using an external signal, 
synchronous error compensation cannot be used. 
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20.1.1 Axis Configuration for Axis Synchronous Control 


Explanation 


- Master axis and slave axis for axis synchronous control 


An axis used as the reference for axis synchronous control is referred 
to as a master axis (M-axis), and an axis along which a movement is 
made in synchronism with the master axis is referred to as a slave axis 
(S-axis). 

By setting the axis number of a master axis in the parameter (No. 
8311) of the slave axis, the axis configuration for axis synchronous 
control is determined. 


- Synchronous operation and normal operation 


Operation where axis synchronous control is turned on (enabled) to 
make a movement along the slave axis in synchronism with the master 
axis is referred to as synchronous operation. Operation where axis 
synchronous control is turned off (disabled) to make movements along 
the master axis and slave axis independently of each other is referred 
to as normal operation. 


(Example) 

Automatic operation when the master axis is the X-axis and the slave 

axis is the A-axis 
In synchronous operation, movements are made along the X-axis 
and A-axis according to the programmed command Xxxxx for 
the master axis. 
In normal operation, movements are made along the master axis 
and slave axis independently of each other as in the case of 
normal CNC control. The programmed command Xxxxx 
makes a movement along the X-axis. The programmed 
command Aaaaa makes a movement along the A-axis. The 
programmed command Xxxxx Aaaaa makes movements along 
the X-axis and A-axis at the same time. 


The mode of operation can be switched between synchronous 
operation and normal operation by an input signal, or synchronous 
operation can be performed at all times. Which mode to use can be 
set using bit 5 (SCA) of parameter No. 8304. 


- Switching between synchronous operation and normal operation by using an 


input signal 


When bit 5 (SCA) of parameter No. 8304 is set to 0 for the slave axis, 
the signal SYNCx/SYNCJx (with x representing a slave axis number) 
is used to switch between synchronous operation and normal 
operation. When SYNCx/SYNCJx = 1, synchronous operation is 
selected. When SYNCx/SYNCJx = 0, normal operation is selected. 
Synchronous error compensation cannot be used when the mode of 
operation is switched between synchronous operation and normal 
operation. 
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- Setting for using synchronous operation at all times 
When bit 5 (SCA) of parameter No. 8304 for the slave axis is set to 1, 
synchronous operation is performed at all times, regardless of the 
setting of the signal SYNCx/SYNCJx. 


- Synchronous control axis name 
The name of a master axis and the name of a slave axis may be the 
same or may be different from each other. 


- Restrictions on using the same name for the master axis and slave axis 
If the same axis name is assigned to the master axis and slave axis, 
manual operation only is allowed in normal operation. Automatic 
operation and manual numeric command cannot be performed. 


- Setting of an axis name subscript 
A subscript can be attached to an axis name like X1, X2, XM, and XS. 
If the same axis name is used for multiple axes, and a unique subscript 
is assigned to each of those axes, the axes can be distinguished from 
each other on the screen display, or which of those axes issued an 
alarm can be identified. 
Set a subscript in parameter No. 3131. 


- Setting of multiple slave axes 
One master axis can have multiple slave axes. 


(Example) 
In the example below, movements along the X1-axis and X2-axis 
are made in synchronism with the XM-axis. 


; . Master axis 
Axis name | Subscript 
number 


Ae nema: | contiolied Parameter | Parameter Operation 


indication | axis number (No. 1020) (No.3131) Parameter 


(No.8311) 








A movement is made 
in synchronism with 
the XM-axis. 

A movement is made 
in synchronism with 
the XM-axis. 























When one master axis has multiple slave axes, synchronous error 
compensation, synchronous establishment, and synchronous error 
check are performed for each slave axis independently. 


- Combination with tandem control 
Tandem control can be used with each of the master and slave axes. 
The same restriction on axis arrangement as imposed in the case of 
normal tandem control is imposed. No particular restriction is 
imposed on axis synchronous control. 
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- Axis selection on the screen display 


On a screen such as the current position display screen, a slave axis is 
also displayed. The display of a slave axis can be disabled by setting 
bit 0 (NDP) of parameter No. 3115 to 1 and setting bit 1 (NDA) of 
parameter No. 3115 to 1. 


- Axis selection in actual cutting feedrate display 


By setting bit 2 (SAF) of parameter No. 8303 to | for a slave axis, the 
slave axis can be included in an actual cutting feedrate display 
calculation during synchronous operation. 


- Axis synchronous control with an absolute-position detector 


- Slave axis mirror image 


When bit 7 (SMA) of parameter No. 8302 is set to 1 to attach an 
absolute-position detector, and bit 4 (APZ) of parameter No. 1815 for 
an axis placed in synchronous operation is turned off, APZ for the axis 
(axes) placed together in synchronous operation is also turned off. 


By setting parameter No. 8312, a mirror image can be applied to a 
slave axis placed in synchronous operation. When the mirror image 
function is enabled, the direction in which the absolute and relative 
coordinates change is the same as for the machine coordinates. 

At this time, synchronization error compensation, synchronization 
establishment, synchronization error check, and correction mode 
cannot be used. 

The mirror image set by bit 0 (MIR) of parameter No. 0012 cannot be 
applied to the slave axis. Because this mirror image differs from the 
mirror image set by parameter MIR, it does not affect input signal MIx 
(G106) or output signal MMIx (F108). 


- External machine coordinate system shift 


Bit 7 (SYE) of parameter No. 8304 can be set to 1 for the slave axis to 
shift the slave axis by the same amount as specified for the master axis 
when external machine coordinate system shift is specified by external 
data input/output for the master axis in synchronous control. 
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20.1.2 Synchronous Error Compensation 


Explanation 


When a synchronous error value exceeding the zero width set in 
parameter No. 8333 is detected, compensation pulses for synchronous 
error reduction are calculated and added onto the command pulses 
output for the slave axis. This compensation is not performed in 
servo-off state, servo alarm state, follow-up operation, and 
modification mode. 
Compensation pulses are calculated by multiplying the synchronous 
error value between master and slave axes by a compensation gain. 
Compensation pulses = synchronous error x (Ci/1024) 
Ci: Compensation gain (parameter No. 8334) 


Before synchronous error compensation can be performed, bit 5 
(SCA) of parameter No. 8304 must be set to 1 to perform synchronous 
operation at all times. Furthermore, the first synchronous 
establishment after power-up must already be performed by a manual 
reference position return or another operation. 





Master axis 
machine position 








Synchronous 
error counter 








Compensation pulses 
»| K; > 


elavcasmechine Compensation gain Added to command for 


ih : slave axis 
position Compensation 
pulse counter 











- Synchronous error compensation smooth suppress function 


When bit 6 (SMS) of parameter No. 8304 is set to 1, the synchronous 
error compensation smooth suppress function is enabled. With this 
function, another set of parameters for a synchronous error zero width 
and synchronous error compensation gain (B and Ks in the figure 
below) can be set. So, even a small synchronous error can be 
reduced smoothly as shown below. 





Synchronous error compensation gain 


Kd . 





0 B A Synchronous error value 











A: Synchronous error zero width (parameter No. 8333) 

B: Synchronous error zero width 2 (parameter No. 8335) 
(0<B<A) 

Kd: Synchronous error compensation gain (parameter No. 8334) 
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Ks: Synchronous error compensation gain 2 (parameter No. 
8336) (0 < Ks < Kd) 

Er: Synchronous error value between the current master axis 
and slave axis 

K: Current synchronous error compensation gain for Er 


When Er < B, compensation is not performed. (K =0) 
When B<Er<A 
(Er - B)(Kd - Ks) 
— A-B 
Compensation is performed with the following gain: 
When Er > A, compensation is performed with a gain of K = Kd. 


K = Ks+ 
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20.1.3 Synchronous Establishment 


Explanation 
Upon power-up or after emergency stop cancellation, the machine 
positions on the master axis and slave axis under axis synchronous 
control are not always the same. In such a case, the synchronous 
establishment function matches the machine position on the master 
with that on the slave axis. 


- Synchronous establishment method 
The method of synchronous establishment used when synchronous 
error compensation is performed differs from that used when 
synchronous error is not performed. 


- Synchronous establishment based on synchronous error compensation 

When synchronous error compensation is performed (when bit 3 
(CLP) of parameter No. 8304 for the slave axis is set to 1), 
synchronous establishment is performed in the same way as 
synchronous error compensation. This means that the positional 
difference between the master axis and slave axis is regarded as a 
synchronous error, and pulses produced by multiplying the positional 
difference by a synchronous error compensation gain are output for 
the slave axis. So, the parameter (No. 8334) for specifying a 
synchronous error compensation gain must be set before synchronous 
establishment can be performed. 

If the parameter (No. 8333) for specifying a synchronous error 
compensation zero width is set, no further synchronous establishment 
is performed after the positional difference between the master axis 
and slave axis becomes the zero width or below. 


- Synchronous establishment based on machine coordinates 

To perform synchronous establishment when synchronous error 
compensation is disabled (when bit 3 (CLP) of parameter No. 8304 for 
the slave axis is set to 0), enable synchronous establishment based on 
machine coordinates by setting bit 7 (SOF) of parameter No. 8303 to 
1. 

This method of synchronous establishment outputs the machine 
coordinate difference between the master axis and slave axis as 
command pulses for the slave axis to establish synchronization. A 
machine coordinate difference is output at a time as command pulses. 
So, if the compensation value is large, the machine abruptly makes a 
large movement. Taking this into consideration, set a maximum 
allowable compensation value to be used for synchronous 
establishment in parameter No. 8325. As a maximum allowable 
compensation value, set a maximum allowable value by which the 
machine may move abruptly. If a compensation value is larger than 
the value set in this parameter, an alarm (SV0001) is issued, and 
synchronous establishment is not performed. Moreover, when 
parameter No. 8325 is set to 0, synchronous establishment is not 
performed. 
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The result of comparing the positional difference between the master 
axis and slave axis with a maximum allowable compensation value for 
synchronous establishment can be checked using the synchronous 
establishment enable state output signal SYNOF (F0211). 


- First synchronous establishment after power-up 

Two methods of performing the first synchronous establishment after 
power-up are available. One method is based on manual reference 
position return operation, and the other is based on absolute position 
detection. 

Until this synchronous establishment is completed, synchronous error 
compensation is disabled. However, a synchronous error check is 
made. 


- Synchronous establishment based on manual reference position return operation 

When manual reference position return operation is performed along 
axes under axis synchronous control, the machine is placed at the 
reference position on the master axis and slave axis according to the 
same sequence as for normal reference position return operation. 
When synchronous error compensation is used, the synchronous error 
counter is reset and synchronous error compensation is started upon 
completion of reference position return along both axes. 
The sequence is the same as the grid method for one axis only. 
However, only the deceleration signal for the master axis is used. 
When the deceleration signal is set to 0, the machine gradually stops 
along the master axis and slave axis, then an FL feedrate is set. 
When the deceleration signal is set to 1, the machine moves to a grid 
point along each of the master axis and slave axis, then stops. 
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NOTE 
When the grid position difference between the 
master axis and slave axis is large, a reference 
position shift can occur, depending on the timing of 
the *DEC signal set to 1. In the example below, the 
shift along the slave axis is so large that the 
position shifted one grid point from the actual 
reference position is regarded as the reference 
position. 





(Example) When the reference position on the slave axis is shifted one grid point 


Master axis feedrate 





Master axis grid 


Slave axis feedrate 





Slave axis grid 


Actual reference position Stop at position shifted one 
grid point 











In such a case, match the grid position according to 
Subsection 19.1.4, "Automatic Setting for Grid 
Position Matching." 





- Synchronous establishment based on absolute position detection 
When an absolute-position detector is used as the position detector, 
the machine positions on the master axis and slave axis are found at 
power-up time for automatic establish synchronization. 


- Synchronous establishment after emergency stop cancellation, etc. 

Synchronous establishment is also performed when servo position 
control is turned on, for example, at emergency stop cancellation, 
servo alarm cancellation, or servo-off cancellation time. 

However, synchronous establishment is not performed at the time of 
axis removal cancellation. So, synchronous establishment based on 
manual reference position return operation is required as in the case of 
power-up time. 
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- One-direction synchronous establishment 

When synchronous error compensation is disabled, synchronous 
establishment can be performed by setting bit 0 (SSO) of parameter 
No. 8305 to 1 to move the machine in one direction along the master 
axis and slave axis. The move direction depends on the reference 
position setting based on bit 0 (SSA) of parameter No. 8304. When 
SSA = 0, for example, the machine coordinate on the master axis or 
slave axis, whichever larger, is used as the reference point. So, the 
machine moves in the + direction along the axes. 

When bit 1 (SSE) of parameter No. 8305 is set to 1, normal 
synchronous establishment is performed instead of one-direction 
synchronous establishment after an emergency stop. 
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20.1.4 Automatic Setting for Grid Position Matching 


Explanation 


Before axis synchronous control can be performed, the reference 
position on the master axis must be matched with the reference 
position on the slave axis. With this function, the CNC 
automatically matches the reference positions (grid positions) on the 
master axis and slave axis under axis synchronous control. 


[Operation procedure] 

The procedure below is usable when bit 0 (ATE) of parameter No. 

8303 is set to 1. 

1. Set bit 1 (ATS) of parameter No. 8303 to 1. 

2. Turn off the power then turn on the power. 

3. Set the REF mode (or JOG mode in the case of reference position 
setting without dogs) when synchronous operation is ready, and 
make movements in the reference position return direction along 
the master axis and slave axis. 

4. The movements along the master axis and slave axis 
automatically stop, and a grid difference value is set in parameter 
No. 8326. At this time, bit 1 (ATS) of parameter No. 8303 is 
set to 0, and the power-off request alarm (PW0000) is issued. 

5. Turn off the power then turn on the power again. 

6. Perform normal reference position return operation. 


NOTE 

1 Parameter setting 
When bit 1 (ATS) of parameter No. 8303 is set, bit 4 
(APZ) of parameter No. 1815 and parameter No. 
8326 for the master axis and slave axis are set to 0. 


When the operator sets parameter No. 8326 (MDI, 
G10L50), bit 0 (ATE) of parameter No. 8303 is set 
to 0. 

This function cannot be used together with the 
reference position shift function. 
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20.1.5 Synchronous Error Check 


Explanation 


A synchronous error value is monitored at all times. If an error 
exceeding a certain limit is detected, an alarm is issued and the 
movement along the axis is stopped. 

When synchronous error compensation is performed, a check 
considering a positional deviation as well is made. 

When synchronous error compensation is not performed, a 
synchronous error check based on machine coordinates is made. 


- Check made when synchronous error compensation is performed 


When synchronous error compensation is performed, a check 
considering a positional deviation is made. The actual machine 
position shift considering a servo positional deviation as well is 
checked. Depending on the value of a synchronous error, one of two 
alarms is issued: an alarm (DS alarm) for deceleration stop, and an 
alarm (SV alarm) for turning off the servo system immediately. This 
check is enabled when a value other than 0 is set in the parameters 
(Nos. 8331, 8332) for specifying a maximum allowable synchronous 
error. When using this method of checking a synchronous error 
value, disable "synchronous error check based on machine 
coordinates" described later by setting parameter No. 8314 to 0. 


- Synchronous error excessive alarm 1 (DS0002) 


When a synchronous error exceeding the value set in parameter No. 
8331 is detected, synchronous error excessive alarm 1 is issued. 
When synchronous error excessive alarm 1 is issued, the motor 
gradually stops. At this time, synchronous error compensation 
remains enabled, so that the synchronous error is reduced by 
compensation. Accordingly, as the synchronous error value becomes 
smaller than the maximum allowable value, the alarm can be reset. If 
the alarm cannot be reset, the synchronous error needs to be manually 
corrected by selecting the correction mode described later. 


- Synchronous error excessive alarm 2 (SV0002) 


When a synchronous error exceeding the value set in parameter No. 
8332 is detected, synchronous error excessive alarm 2 is issued. 
Before synchronous establishment is performed at power-up time, a 
value obtained by multiplying the value set in parameter No. 8332 by 
the coefficient set in parameter No. 8330 is used for judgement. 
When synchronous error excessive alarm 2 is issued, the motor 
immediately stops as in the case of other servo alarms. Accordingly, 
the positional difference between the master axis and slave axis 
remains uncorrected, so that the alarm cannot be reset usually. In 
this case, the synchronous error needs to be manually corrected by 
selecting the correction mode described later. 
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- Synchronous error check based on machine coordinates 
When synchronous error compensation is not performed, a 
synchronous error check based on machine coordinates is made. 
The machine coordinate on the master axis is compared with that on 
the slave axis. When the error between the machine coordinates 
exceeds the value set in parameter No. 8314, the SV0005 alarm is 
issued, and the motor is stopped immediately. 
This synchronization error check can also be made in the emergency 
stop, servo-off, and servo alarm off state. 
If a synchronous error check is made when the mode of operation is 
switched between synchronous operation and normal operation with 
an input signal, an error check is made even in normal operation. So, 
even if the axis synchronous control selection signal (SYNCx) or the 
axis synchronous control manual feed selection signal (SYNCJx) is set 
to 0 by mistake during synchronous operation, damage to the machine 
can be prevented. 
The machine coordinates on the master axis and slave axis can be 
checked using the machine coordinate match state output signal 
SYNMT (F0210). 


- Synchronous error check based on a positional deviation value 
The servo positional deviation value of the master axis and slave axis 
is monitored during axis synchronous control. When the positional 
deviation value exceeds the limit value set in parameter No. 8323, the 
DS0001 alarm is issued, and the axis synchronous control positional 
deviation error alarm signal (F403.0) is output. 
The DS0001 alarm is issued to the master axis and slave axis. 
When bit 4 (SYA) of parameter No. 8301 is set to 1, the positional 
deviation limit value of the master axis and slave axis is checked even 
if a servo-off occurs during axis synchronous control. 


- 587 - 


20.AXIS CONTROL FUNCTIONS PROGRAMMING B-63944EN/02 


20.1.6 Methods of Alarm Recovery by Synchronous Error Check 


Explanation 


To recover from an alarm issued as a result of synchronous error 
check, two methods are available. One method uses the correction 
mode, and the other uses normal operation. 

If the mode of operation is switched between synchronous operation 
and normal operation by using an input signal, only the method using 
normal operation can be used. 

If synchronous operation is used at all times, only the method using 
the correction mode can be used. 


- Procedure for correcting a synchronous error by using the correction mode 


Use this method if synchronous operation is used at all times without 
using an input signal (when bit 5 (SCA) of parameter No. 8304 is set 
to 1). 

When the correction mode is used, synchronous error check can be 
temporarily disabled, and a movement can be made along the master 
axis or Slave axis to correct a synchronous error. 

In the correction mode, synchronous error compensation and error 
check are not performed, so that an alarm (DS0003) is issued as a 
warning. 


1. Select the correction mode, and select an axis along which a 
movement is to be made by manual master axis feed. Set bit 2 
(ADJ) of parameter No. 8304 of the master axis or slave axis to | 
to set the correction mode. Thus, by manual master axis feed, a 
movement can be made along the axis with this parameter set to 
1. 

When this parameter is set to 1, the DS0003 (axis synchronous 
control correction mode) alarm is issued. 


2. Reset the synchronous error excessive alarm. 
In this state, synchronous error compensation and error check are 
not performed. Be careful. 


3. Select the manual mode (jog, incremental feed, or handle). 


4. While checking the synchronous error value, make a movement 

along the master axis or slave axis in the direction that reduces 
the error. 
If one master axis has multiple slave axes, an attempt to reduce 
the synchronous error of one slave axis by master axis movement 
may increase the synchronous error of another slave axis, thus 
disabling a movement in any direction. In such a case, by 
setting bit 4 (MVB) of parameter No. 8304 to 1, a movement can 
be made in a direction that increases the synchronous error. 


5. When the synchronous error is reduced to within the allowable 
value for suppressing the alarm, reset the value of bit 2 (ADJ) of 
parameter No. 8304 to the original value to switch from the 
correction mode to the normal synchronization mode. 
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Synchronous error compensation and synchronous error check 
are restarted. 


6. Reset the correction mode alarm. 


- Method of recovery using normal operation 
Use this method when switching between synchronous operation and 
normal operation by using an input signal. 
Use the procedure below for recovery from alarm SV0005. 


1. Set SYNCx/SYNCJx (with x representing a slave axis number) 
to 0 to select normal operation. 


2. Set a value greater than the current value in the parameter No. 
8314 for specifying a maximum allowable synchronous error, 
then reset the alarm. 


3. Make a movement along the master axis or slave axis by using 
the manual handle so that the machine coordinates of the master 


axis and slave axis match to a maximum possible extent. 


4. Return the value of parameter No. 8314 for specifying a 
maximum allowable synchronous error to the original value. 
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20.1.7 Axis Synchronous Control Torque Difference Alarm 


Explanation 


If a movement made along the master axis differs from a movement 
made along the slave axis during axis synchronous control, the 
machine can be damaged. To prevent such damage, the torque 
command difference between the two axes is observed. If the 
difference is abnormal, a servo alarm (SV0420) can be issued. 
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Fig. 20.1.7 (a) System configuration 


[Method of use] 
Specify the threshold parameter (No. 2031) according to the procedure 
below. 


1. Set 0 in parameter No. 2031, and disable the torque difference 
alarm detection function. 


2. To check the absolute value of the torque difference between the 
synchronous axes, set the parameters below. Set the same value 
for the two axes placed under axis synchronous control. 

Parameter No. 2115 =0 
Parameter No. 2151 = 178 


3. Display the diagnostic screen by pressing the function key 
<SYSTEM> then the [DGNOS] soft key. 
Diagnose No. 3500 indicates the absolute value of the torque 
difference between the two axes. 


- 590 - 


B-63944EN/02 PROGRAMMING 20.AXIS CONTROL FUNCTIONS 


4. Read the absolute torque difference value presented when normal 
operation is being performed. In the threshold parameter (No. 
2031), set a value obtained by adding some margin to the read 
absolute value. 

The absolute torque difference value can be observed with the 
Servo Guide Mate. 


- Enabling/disabling of alarm detection 
Alarm detection is enabled when the time set in parameter No. 8327 
has elapsed after the servo ready signal SA (F000#6) is set to 1. 
When the input signal NSYNCA (G059.7) is set to 1, alarm detection 
is disabled. 





SA<FO00#6> 1 
0 






Alarm detection function Enabled 
Disabled 


i Setting of parameter No. 8327 
fTorreneewenneeest (512 msec when this parameter is not set) 











Fig. 20.1.7 (b) Timing chart 


When the servo ready signal SA (FO00#6) is set to 0, torque difference 
alarm detection is disabled. 


NOTE 
The servo axis number combination of the master 
axis and slave axis synchronized with each other 
must be such that an odd servo axis number is 
assigned to the master axis and the next servo axis 
number is assigned to the slave axis like (1,2) and 
(3,4). 


/\ CAUTION 

1 When making a synchronous error check, ensure 
that the reference position on the master axis and 
the reference position on the slave axis must be at 
the same position. 
In manual reference position return operation, the 
same operation is performed along the master axis 
and slave axis until a deceleration operation starts. 
After a deceleration operation starts, grid detection 
is performed for the master axis and slave axis 
independently of each other. 
Pitch error compensation and backlash 
compensation are performed for the master axis 
and slave axis independently of each other. 
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NOTE 


1 


During axis synchronous control, a movement based 
on the reference position return check (G27), automatic 
reference position return (G28), 2nd/3rd/4th reference 
position return (G30), or machine coordinate system 
selection (G53) command is made as described below 
according to the setting of bit 7 (SRF) of parameter No. 
8304. 
<1> When SRF = 0, the same movement as made 
along the master axis is made along the slave 
axis. 
<2> When SRF = 1, amovement is made along the 
slave axis to the specified position independently 
of a movement made along the master axis to the 
specified position. 
A command not involving a movement along an axis 
such as the workpiece coordinate system setting 
command (G92) and local coordinate system setting 
command (G52) is set with the master axis according 
to the master axis programming. 
During synchronous operation, the axis-by-axis signals 
such as for external deceleration, interlock, and 
machine lock are enabled for the master axis only. 
During synchronous operation, those signals for the 
slave axis are ignored. 
When switching the synchronization state in a program, 
be sure to specify M codes (parameter No. 8337 and 
No. 8338) for turning synchronization on and off. By 
switching between the input signals SYNCx (G138) and 
SYNCJx (G140) from the PMC with the M codes, the 
synchronization state can be switched in the program. 
When controlled axis removal is performed, the 
synchronization state is cancelled. When performing 
controlled axis removal, perform removal for the master 
axis and slave axis at the same time. 
If a programmed command is specified for the slave 
axis during synchronous operation, an alarm (PS0213) 
is issued. 
A programmed command can be specified for the slave 
axis when switching between synchronous operation 
and normal operation is set to 0 (with bit 5 (SCA) of 
parameter No. 8304 set to 0) to select normal 
operation. 
Axis synchronous control and PMC axis control cannot 
be used at the same time. 
Axis synchronous control cannot be used with an axis 
for which three-dimensional coordinate conversion is 
enabled. 
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20.2 POLYGON TURNING (G50.2, G51.2) 


Polygon turning means machining a workpiece to a polygonal figure 
by rotating the workpiece and tool at a certain ratio. 





Workpiece 














Fig. 20.2 (a) Polygon turning 


By changing conditions which are rotation ratio of workpiece and tool 
and number of cutters, the workpiece can be machined to a square or 
hexagon. The machining time can be reduced as compared with 
polygonal figure machining using the polar coordinate interpolation. 
The machined figure, however, is not exactly polygonal. Generally, 
polygon turning is used for the heads of square and/or hexagon bolts 
or hexagon nuts. 

As the tool rotary axis, one of the following can be used: 

e CNC controlled axis (servo axis) 

e Second spindle (Two serial spindles are connected.) 

Polygonal machining performed using a servo axis as the tool rotary 
axis is referred to as polygon turning. Polygonal machining 
performed using the second spindle as the tool rotary axis is referred 
to as polygon turning with two spindles. 


Function name Workpiece axis Tool rotary axis 
Spindle 

(Either an analog spindle or 
serial spindle is usable. 
However, a detector 
equivalent to a position 
coder is required.) 

Polygon turning with Spindle Spindle 

two spindles (Serial spindle) (Serial spindle) 


Servo axis 


Polygon turning 
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Explanation 





A CNC controlled axis (servo axis) 1s assigned to the tool rotary axis. 

This rotary axis of tool is called Y-axis in the following description. 

As the workpiece axis (spindle), either a serial spindle or analog 

spindle can be used. 

The Y-axis is controlled by the G51.2 command, so that the ratio of 

the rotation speeds of the spindle (previously specified by 

S-command) and the tool becomes the specified ratio. 

When simultaneous start is specified by G51.2, the one-rotation signal 

sent from the position codes set on the spindle is detected. After 

one-rotation signal detection, the Y-axis is controlled using the 

rotation ratio of the spindle and Y-axis specified by P and Q. So, a 

position coder needs to be attached to the spindle. This control will 

be maintained until the polygon turning cancel command is executed 

(GS50.2). Polygon turning is cancelled by any of the following in 

addition to the G50.2 command: 

(1) Power off 

(2) Emergency stop 

(3) Servo alarm 

(4) Reset (external reset signal ERS, reset/rewind signal RRW, and 
RESET key on the MDI panel) 

(5) Occurrence of alarms PS0217 to PS0221, PS0314, and PS05018 


NOTE 

1 Before polygon turning, reference position return 
operation on the Y-axis needs to be specified to 
determine the rotation start position of the tool. 
This reference position return operation is 
performed by detecting a deceleration limit as in the 
case of manual reference position return operation. 
(By setting bit 7 (PLZ) of parameter No. 7600, 
reference position return operation can be 
performed without detecting a deceleration limit.) 
The rotation direction on the Y-axis is determined 
by the sign of Q, and is not affected by the rotation 
direction of the position coder. 
Among Y-axis position indications, the indication of 
a machine coordinate (MACHINE) changes within 
the amount of movement for 0 to 1 revolution as a 
movement is made on the Y-axis. The absolute 
coordinate and relative coordinate are not updated. 
So, when specifying an absolute-position command 
for the Y-axis after polygon turning mode 
cancellation, set a workpiece coordinate system 
after reference position return operation. 
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NOTE 


For the Y-axis engaged in polygon turning, jog feed 
and handle feed are disabled. 

For the Y-axis not engaged in polygon turning, a 
move command can be specified as in the case of 
other controlled axes. 

The Y-axis engaged in polygon turning is not 
counted in the number of simultaneously controlled 
axes. 

One workpiece must be machined using a fixed 
spindle speed until the workpiece is finished. 
Polygon turning with two spindles cannot be used at 
the same time. 

G50.2 is the G code for suppressing buffering. 


/A\ CAUTION 


1 


2 


During polygon turning, threading cannot be 
performed. 
For the Y-axis engaged in synchronous operation, 
the signals below are valid or invalid: 
Signals valid for the Y-axis 
e Machine lock 
e Servo-off 
Signals invalid for the Y-axis 
e Feed hold 
e Interlock 
e Override 
e Dry run 
(At dry run time, however, the one-rotation 
signal is not awaited in a G51.2 block. 
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Format 


Example 


G50.2 Polygon turning cancel 








G51.2 P_Q_; 

P,Q: Rotation ratio of spindle and Y-axis 

Specify range: 

P: Integer from 1 to 999 

Q: Integer from -999 to -1 or from 1 to 999 
When Q is a positive value, Y-axis makes positive 
rotation. 
When Q is a negative value, Y-axis makes negative 
rotation. 











NOTE 
Specify G50.2 and G51.2 in a single block. 


G00 X100. 0 Z20.0 S1000.0 M03 ; 
(Workpiece rotation speed 1000 (min’')) 
G51.2 P1 Q2; (Tool rotation start (tool rotation speed 
2000 (min’')) 
G01 X80.0 F10.0; (X-axis infeed) 


G04 X2.0 ; (Waiting 2 seconds) 
G00 X100.0 ; (X-axis escape) 
G50.2 ; (Tool rotation stop) 
M05 SO ; (Spindle stop ) 


- Principle of polygon turning 


The principle of polygon turning is explained below. In the figure 
below the radius of tool and workpiece are A and B, and the angular 
speeds of tool and workpiece are a and B. The origin of XY 
Cartesian coordinates is assumed to be the center of the workpiece. 
Simplifying the explanation, consider that the tool center exists at the 
position 

Po (A, 0) on the workpiece periphery, and the tool nose starts from 
position Pto (A-B, 0). 
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Y A : Workpiece radius 
B : Rool radius 


a : Workpiece angular speed 
B : Tool angular speed 










Workpiece 


Po (A, 0) 
Pto (A-B, 0) 











Fig. 20.2 (b) Principle of polygon turning 


Pt (Xt, Yt) 





O Start point 











Fig. 20.2 (c) Tool nose position 


In this case, the tool nose position Pt (Xt, Yt) after time t is expressed 
by equations 1 and 2: 

Xt=Acos at-Bcos(-a)t (Equation 1) 

Yt=Asin at+ Bsin(Z-a)t (Equation 2) 
Assuming that the rotation ration of workpiece to tool is 1:2, namely, 
B=2ca, equations | and 2 are modified as follows: 

Xt=Acos at-Bcos at=(A-B)cosat (Equation 1)' 

Xt=Asin at+Bsinat=(A+B)sin at (Equation 2)' 
These equations indicate that the tool nose path draws an ellipse with 
longer diameter A+B and shorter diameter A-B. 
Then consider the case when one tool is set at 180° symmetrical 
positions, for a total of two. A square can be machined with these 
tools as shown below. 
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If three tools are set at every 120°, the machining figure will be a 
hexagon as shown below. 














/\ WARNING 
For the maximum rotation speed of the tool, see the 
instruction manual supplied with the machine. Do 


not specify a spindle speed higher than the 
maximum tool speed or a ratio to the spindle speed 
that results in a speed higher than the maximum 
tool speed. 
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20.3 ROTARY AXIS ROLL-OVER 


The roll-over function prevents coordinates for the rotary axis from 
overflowing. The roll-over function is enabled by setting parameter 
ROAx (No. 1008#0) to 1. 


20.3.1 Rotary Axis Roll-over 


Explanation 

For an incremental programming, the tool moves the angle specified 
in the command. For an absolute programming, the coordinates after 
the tool has moved are values set in parameter No. 1260, and rounded 
by the angle corresponding to one rotation. The tool moves in the 
direction in which the final coordinates are closest when parameter 
RABx (No. 1008#1 is set to 0. Displayed values for relative 
coordinates are also rounded by the angle corresponding to one 
rotation when parameter RRLx (No. 1008#2) is set to 1. 


Example 
Assume that axis A is the rotary axis and that the amount of 
movement per rotation is 360.000 (parameter No. 1260 = 360000). 
When the following program is executed using the roll-over function 
of the rotary axis, the axis moves as shown below. 
Absolute 
Sequence | Actual movement | coordinate value 
number after movement 


N1 G90 A-150.0 ; 





Relative 
coordinate value ~ 


Absolute 
coordinate value 


N1 
N2 
N3 
N4 
NS 














NOTE 


This function cannot be used together with the 
index table indexing function. 
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20.3.2 Rotary Axis Control 


Explanation 


This function controls a rotary axis as specified by an absolute 
command. 

With this function, the sign of the value specified in the command is 
interpreted as the direction of rotation, and the absolute value of the 
specified value is interpreted as the coordinates of the target end 
position. 


This function is valid when rotary axis roll-over is enabled (parameter 
ROAx (No. 1008#0) is set to 1). 

If the parameter RAAx (No.1007#3) is set to 1, an absolute command 
specified for the roll-over rotary axis is interpreted as follows: The 
sign and absolute value of the value specified in the command 
represent the direction of rotation and the end position of movement 
respectively. 

If the parameter RAAx (No.1007#3) is set to 0, the setting by the 
RABx (No. 1008#1) becomes significant. 


NOTE 

1 This function can be used only when the 
corresponding option is provided. (When a 
machining center system is used, this function 
cannot be used together with the index table 
indexing function.) 
This function is valid for a roll-over rotary axis. 


If the RAAx bit (bit 3 of parameter 1007) is set to 1, 
the RABx bit (bit 1 of parameter 1008) is ignored. 
To select a rotary motion of a shorter travel 
distance, set both RAAx and RABx to 0. 

This function is not supported when the machine 
coordinate system of the PMC axis control function 
is selected. 
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20.4 ANGULAR AXIS CONTROL 





Overview 
When the angular axis installed makes an angle other than 90° with 
the perpendicular axis, the angular axis control function controls the 
distance traveled along each axis according to the inclination angle as 
in the case where the angular axis makes 90° with the perpendicular 
axis. 
Arbitrary axes can be specified as a set of an angular axis and 
perpendicular axis by parameter setting. 
The actual distance traveled is controlled according to an inclination 
angle. However, a program, when created, assumes that the angular 
axis and perpendicular axis intersect at right angles. The coordinate 
system used at this time is referred to as the program coordinate 
system. (The program coordinate system may be referred to as the 
Cartesian coordinate system, and the actual move coordinate system 
may be referred to as the angular coordinate system or machine 
coordinate system.) 






A 


: F Program coordinate system 
+Y'(Hypothetical axis) 


(Cartesian coordinates) 
AY 







+Y'(Angular axis) 


+X(Perpendicular axis) 





Machine coordinate system 
(Angular coordinates) 


+Y 





6: Inclination angle 


+X 














Fig. 20.4 (a) 


Explanation 
When the amounts of travel along the angular axis and the 
perpendicular axis are Ya and Xa, respectively, the amounts are 
controlled according to the formulas shown below. 


Yp Xa,Ya: Actual distance 


Ya =—__, ; 
4 cos 6 Xp,Yp: Programmed distance 


The amount of travel along the perpendicular axis is corrected by the 
influence of travel along the angular axis, and is determined by the 
following formula: 

Xa =Xp-—Cx Yp x tang 


NOTE 
The coefficient C is 1/2 in the case of diameter 


specification for the perpendicular axis (X) or 1 in 
the case of radius specification. 
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- Feedrate 
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+Y' (Hypothetical axis) 
+Y (Angular axis) —_> Yp tan@ (perpendicular axis 
f component produced by 
travel along the angular axis) 
—_—— > XpandYp 
— > Xaand Ya 
+X (Perpendicular axis) —_—_ Retuay eee! 
Fig. 20.4 (b) 


When the Y-axis is an angular axis, and the X-axis is a perpendicular 
axis, the feedrate along each axis is controlled as described below so 
that the feedrate in the tangent direction becomes Fp. 

The feedrate component along the Y-axis is determined by the 
following expressions: 

Fa represents the actual feedrate. 

Fp represents a programmed feedrate. 


Fax = Fp — Fp x tan@ 


- Absolute and relative position display 


- Machine position display 


Method of use 


An absolute and a relative position are indicated in the programmed 
Cartesian coordinate system. 


A machine position indication is provided in the machine coordinate 
system where an actual movement is taking place according to an 
inclination angle. 


The angular and perpendicular axes for which angular axis control is 
to be applied must be specified beforehand, using parameters (Nos. 
8211 and 8212). When 0 is set in one of the parameters, the same 
number is specified in the parameters, or a number other than the 
controlled axis numbers is specified in a parameter, however, an 
angular axis and perpendicular axis are selected according to the table 
below. 


Angular axis Perpendicular axis 


M series 


Y-axis of the basic three axes 
(axis with 2 set in parameter 
No. 1022) 


Z-axis of the basic three axes 
(axis with 3 set in parameter 
No. 1022) 





T series 





X-axis of the basic three axes 
(axis with 1 set in parameter 
No. 1022) 





Z-axis of the basic three axes 
(axis with 3 set in parameter 
No. 1022) 





e Parameter AAC (No. 8200#0) enables or disables the angular axis 
If the function is enabled, the distance traveled along 
each axis is controlled according to an angular angle parameter (No. 


control. 


8210). 
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e By using bit 2 (AZR) of parameter No. 8200, whether to make a 
movement along the perpendicular axis by a movement made along 
the angular axis when a manual reference position return operation 
is performed along the angular axis can be chosen. When a 
movement along the perpendicular axis is enabled (AZR = 1), a 
reference position return operation along the perpendicular axis can 
be performed by a movement made along the angular axis. 

e By setting the normal axis/angular axis control invalid signal 
NOZAGC to 1, angular axis control only for the angular axis can 
be available. In this time the angular axis are converted to those 
along the angular coordinate system without affecting commands 
to normal axis. 

Use this signal when operating each axis independently. 


- Manual reference position return operation 


A movement is made to the reference position (machine position) set 
in parameter No. 1240. By using bit 2 (AZR) of parameter No. 8200, 
whether to make a movement along the perpendicular axis when a 
reference position return operation is performed along the angular axis 
can be chosen. 


- Automatic reference position return operation and floating reference position 
return operation (G28, G30, G30.1) 


A movement to the middle point along the angular axis affects a 
movement along the perpendicular axis. A movement from the 
middle point to the reference position along the angular axis does not 
affect a movement along the perpendicular axis, regardless of whether 
the perpendicular axis/angular axis control disable signal (NOZAGC) 
is turned on or off. If manual reference position return operation is 
not performed even once after the power is turned on, operation is 
performed in the same sequence as for manual reference position 
return operation. So, specify commands first for the angular axis 
then for the perpendicular axis. 

Example) When the Y-axis is an angular axis and the X-axis is a 

perpendicular axis 

(1) If the angular axis is first specified then the perpendicular 
axis is specified, reference position return operation is 
performed normally. 

G28Y ; 
G28X_; 

(2) If the perpendicular axis is first specified then the angular 
axis is specified, or if the perpendicular axis and the angular 
axis are specified at the same time, alarm PS0372 is issued 
when a movement is made along the perpendicular axis. 

G28X_; or G28X_ Y_; 
G28Y ; 


- Reference position return operation of high-speed type 


When a reference position is already established and a reference 
position return operation of high-speed type is to be performed, the 
reference position return operation need not be performed in the order 
from the angular axis to the perpendicular axis. 
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- Machine coordinate selection (G53) 

By specifying (G90)G53X_Y_: (when the Y-axis is an angular axis, 
the X-axis is a perpendicular axis, and the inclination angle is -30°), a 
movement is made by rapid traverse. 

However, a movement along the angular axis (G53 command) does 
not affect a movement along the perpendicular axis, regardless of 
whether the perpendicular axis/angular axis control disable signal 
(NOZAGC) is turned on or off. 


Example) 

1 Move command for movement from point PO to point P1 
>G90G53Y100. 

2 Move command for movement from point P1 to point P2 
>G90G53X200. 


<1> Coordinates of P1 
(Absolute coordinates) (Machine coordinates) 
X -50.000 X 0.000 
Y 86.603 Y 100.000 
<2> Coordinates of P2 
(Absolute coordinates) (Machine coordinates) 
X 150.000 X 200.000 
Y 86.603 Y 100.000 


+Y (Angular axis) p +Y' (Hypothetical axis) 


P1(0,100) , P2(200, 100) 


. +X 
*, (Perpendicular 
* axis) 
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- Commands for linear interpolation and linear interpolation type positioning (G01, 
G00) 


The tool moves to a specified position in the Cartesian coordinate 
system when the following is specified: 

(G90)GO0X_Y_; (when the Y-axis is an angular axis, the X-axis is a 
perpendicular axis, and the inclination angle is -30°) 

or 

(G90)GO1X_Y F ; (when the Y-axis is an angular axis, the X-axis is 
a perpendicular axis, and the inclination angle is -30°) 


Example) Examples of positioning 
1 Move command for movement from point PO to point P1 
>G90G00Y100. 
2 Move command for movement from P1 to P2 
G90G00X200. 
(1) When the perpendicular axis/angular axis control disable 
signal (NOZAGC) is set to 0 
<1> Coordinates of P1 


(Absolute coordinates) (Machine coordinates) 
xX 0.000 X 57.735 
Y 100.000 Y 115.470 
<2> Coordinates of P2 
(Absolute coordinates) (Machine coordinates) 
X 200.000 X 257.735 
Y 100.000 Y 115.470 


+Y (Angular axis) A +Y' (Hypothetical axis) 
I 







P2 
115.470 \ereees 5 


iS +X (Perpen- 
*, dicular axis) 


PO(0O,0) | 57.735 200 257.735 














(2) When the perpendicular axis/angular axis control disable 
signal (NOZAGC) is set to | 
<1> Coordinates of P1 


(Absolute coordinates) (Machine coordinates) 
X 0.000 xX 0.000 
Y 100.000 Y 115.470 
<2> Coordinates of P2 
(Absolute coordinates) (Machine coordinates) 
X 200.000 X 200.000 
Y 100.000 Y 115.470 
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+Y (Angular axis) ary (Hypothetical axis) 
' 







115.470 


P0(0,0) | 200 


P2 


. _ +X (Perpendicular 
*, axis) 








- Three-dimensional coordinate conversion 


In the three-dimensional coordinate conversion mode, 


angular 


coordinate system conversion is applied to the workpiece coordinate 
system that has undergone three-dimensional coordinate conversion. 


- Stored stroke limit 


Stored stroke limits under angular axis control can be set not in a 
angular coordinate system but in the Cartesian coordinate system by 
setting bits 0, 1, and 2 (AOT, AO2, and AO3) of parameter No. 8201. 























Fig. 20.4 (c) OT area in a angular coordinate system 


Fig. 20.4 (d) OT area in a Cartesian coordinate system 


Machine coordinates include a value converted for the angular axis 
and a compensation value for the perpendicular axis, so that a angular 
machine coordinate system as shown in Fig. 20.4 (c) results. 

A stored stroke limit is checked in the machine coordinate system, so 
that the limit area is slanted to form a rhombus as shown in Fig. 20.4 
(c). In this case, the area cannot be identified intuitively. So, stroke 
limits are checked not in an actual angular machine coordinate system 
but in a virtual Cartesian machine coordinate system as shown in Fig. 


20.4 (d). 


The functions that operate in the Cartesian coordinate system are: 
e Stored stroke check | (Both of I and II) 

e Stored stroke check 2 (G22/G23) 

e Stored stroke check 3 

e Stored stroke check before move 
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The stored stroke check function before move does not work in a 
angular coordinate system. Unless this function is enabled, and the 
coordinate system is converted to the Cartesian coordinate system, no 
stroke check is made. 

e Stroke limit external setting (function specific to the M series only 
and valid only for OT1) 

e Bit 7 (BFA) of parameter No. 1300 for specifying whether to issue 
an alarm before or after a stroke limit is exceeded (valid for OT1 
and OT3) 

The stored stroke limit functions other than the above work in a 

angular coordinate system. 


- Relationships between this function and axis-by-axis input/output signals 
The table below indicates the relationships between this function and 
the meaning of each controlled axis signal. 
The input/output signals are classified as signals valid for the program 
coordinate system (Cartesian coordinate system) and signals valid for 
the machine coordinate system (angular coordinate system). In the 
"Classification" column, "Cartesian" is indicated for a signal that is 
valid for the Cartesian coordinate system, and "Angular" is indicated 
for a signal that is valid for the angular coordinate system. 
A signal valid for the Cartesian coordinate system means a signal 
valid for a specified axis, and a signal valid for the angular coordinate 
system is a signal valid for actual machine movement. 
This means that when a movement is made along the perpendicular 
axis by a movement along the angular axis alone: 
A signal valid for the Cartesian coordinate system is affected by 
a movement along the angular axis. 
A signal valid for the angular coordinate system is not affected 
by a movement along the angular axis. 


Classification | Remarks 


When a movement is made along the angular axis 
only, interlocking the perpendicular axis does not 
interlock a movement along the perpendicular axis 
Interlock for each axis *ITX G130 Cartesian made by a movement along the angular axis. 
Caution) When using the interlock signal for each 
axis, make both of the angular axis and 
perpendicular axis high. 


This signal is applied to each axis independently. 
Geaaeaval *+Lx G114 Angular (If the perpendicular axis is made high, no alarm is 
*-LXx G116 issued for the perpendicular axis even when an OT 
alarm is issued for the angular axis.) 
reference position return 


Servo-off signal G126 This signal is applied to each axis independently. 
Control axis detach signal | DTCHx G124 This signal is applied to each axis independently. 


A movement is made in the Cartesian coordinate 
Feed axis direction +Jx G100 : system. (When the +J/-J signal for the angular 
ji ; Cartesian Ue os 2 ; 
selection signal -Jx G102 axis is made high, a movement is made also along 
the perpendicular axis.) 
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Classification | Remarks 


Mirror image is applied to the angular coordinate 
system for each axis independently. 

Mirror image Mix G106 Angular Caution) Be sure to turn off the mirror, image 
signal for the angular axis and 
perpendicular axis engaged in manual 
operation. 

Manual feed interlock 

sanel ee eaciien +MIT1, | X004#2, ; Set the tool compensation parameter in the 

direction, tool Cartesian , : 

: F +MIT2 | #4 Cartesian coordinate system. 
compensation value write 

signal 


se joctcloveach G108 This signal is applied to each axis independently. 


Output signal 


Classification | Remarks 
In-position signal F104 Applied to each axis independently. 
Mirror image check signal F108 esc to each axis independently. 


Convolleten> tomevel es F110 Angular Applied to each axis independently. 
in-progress signal 


Travel in-progress signal F102 Applied to each axis independently. 


Applied to each axis independently. (A manual 
a reference position return operation and the first 
Reference position return : oh : 
eariplehonsianal F094 Cartesian automatic reference position return operation after 
P g power-up need to be performed first for the angular 
axis.) 


encircle lence Position ZP2x F096 Cartesian Applied to each axis independently. 
return completion signal 
Sra reIPienes postuen ZP3x F098 Cartesian Applied to each axis independently. 
return completion signal 
ISei ec poston ZP4x F100 Cartesian Applied to each axis independently. 
return completion signal 


Limitation 

- Three-dimensional coordinate conversion 
If the basic three axes in the three-dimensional coordinate conversion 
mode do no include a perpendicular axis and angular axis for angular 
axis control, operation cannot be performed normally in a correct 
angular coordinate system. 





- Linear scale with absolute address reference mark 
e For both of the angular axis and perpendicular axis, a linear scale 
with an absolute address reference mark must be used. 
e Reference position return operation must be first completed along 
the angular axis. 
e Return operation cannot be performed along the perpendicular axis 
while return operation is being performed along the angular axis. 
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- Mixture control 


- Rigid tapping 
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For synchronous control on axes related to angular axis control, the 
angular axis and Cartesian axis on the master axis side and the angular 
axis and Cartesian axis on the slave axis side must be placed under 
synchronous control at the same time. Moreover, synchronous 
control can be exercised between angular axes only or between 
Cartesian axes only. 

If an attempt is made to perform operation under a condition other 
than the above, the alarm (PS0375) is issued. 


Example) 
Path 1 Path 2 
X1 (Cartesian axis) © <Synchronous>  X2 (Cartesian axis) 
Y1 (angular axis) <Synchronous>  Y2 (angular axis) 


For mixture control on axes related to angular axis control, the angular 
axis and Cartesian axis on the master axis side and the angular axis 
and Cartesian axis on the slave axis side must be placed under mixture 
control at the same time. Moreover, mixture control can be exercised 
between angular axes only or between Cartesian axes only. 

If an attempt is made to perform operation under a condition other 
than the above, the alarm (PS0375) is issued. 


Example) 
Path 1 Path 2 
X1 (Cartesian axis) <-mixture- X2 (Cartesian axis) 
Y1 (angular axis) <mixture>  Y2 (angular axis) 


As a rigid tapping axis, no angular axis can be used. 
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- Functions that cannot be used simultaneously 
e Axis synchronous control, twin table control, parallel axis control, 
polygon turning, hypothetical axis control, EGB function, PMC 
axis control, superimposed control 


/\ CAUTION 

1 After angular axis control parameter setting, be sure 
to perform manual reference position return operation. 

2 Before manual reference position return operation is 
performed along the perpendicular axis, reference 
position return operation along the angular axis must 
be completed (with the reference position return 
completion signal for the angular axis (ZPx) set to 1). 
If reference position return operation is performed 
along the perpendicular axis first, an alarm PS5460 is 
issued. 
When the setting is made so that the tool moves 
along the perpendicular axis during manual reference 
position return along the angular axis (bit 2 (AZK) of 
parameter No. 8200 is set to 0), if once manual 
reference position return has been performed along 
the angular axis, also perform manual reference 
position return along the perpendicular axis 
immediately after the operation. 
Alarm PS0090 is issued when an attempt is made to 
manually return to the reference position along the 
perpendicular axis although the angular axis is not on 
the reference point. 
Before attempting to manually move the tool along the 
angular and perpendicular axes simultaneously, set 
perpendicular/angular axis control disable signal 
NOZAGC to 1. 
Once the tool has been moved along the angular axis 
when perpendicular/angular axis control disable signal 
NOZAGC has been set to 1, manual reference 
position return must be performed. 
The same increment system must be used with the 
angular axis and perpendicular axis. 
Before a perpendicular axis reference position return 
check can be made, angular axis reference position 
return operation must be completed. 
No rotary axis must be set for the angular axis and 
perpendicular axis. A rotary axis may be specified 
only for a linear axis. 
Set a position switch operation range (parameter Nos. 
6930 to 6965) in a angular coordinate system. 
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20.5 TOOL RETRACT AND RECOVER 


Overview 
To replace the tool damaged during machining or to check the status 
of machining, the tool can be withdrawn from a workpiece. The tool 
can then be advanced again to restart machining efficiently. 
The tool retract and recover operation consists of the following four 


steps: 

e ~——- Retract 
The tool is retracted to a predefined position using the TOOL 
WITHDRAW switch. 


e =§=© Withdrawal 
The tool is moved to the tool-change position manually. 
e =r Return 
The tool returns to the retract position. 
e ~— Repositioning 
The tool returns to the interrupted position. 
For the tool retract and recover operations, see “Tool retract and 
recover ” in the Part III. 
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: Position at which tool retract switch is turned on 

: Programmed position 

: Position at which tool is retracted by manual operatign 
: Retract path : 

: Manual operation (retract path) 

: Return path 


: Re-positioning 
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Format 


Explanation 
- Retraction 


- Withdrawal 
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Specify a retraction axis and distance in the following format: 
Specify the amount of retraction, using G10.6. 
G10.6 IP_; 
IP: In incremental mode, retraction distance from the 
position where the retract signal is turned on 
In the absolute mode, retraction distance to an absolute 
position 
The specified amount of retraction is effective until 
G10.6 is next executed. To cancel the retraction, 
specify the following: 
G10.6 ; (as a single block containing no other 
commands) 














When the TOOL WITHDRAW switch on the machine operator's 
panel is turned on during automatic operation or in the automatic 
operation stop or hold state, the tool is retracted the length of the 
programmed retraction distance. This operation is called retraction. 
The position at which retraction is completed is called the retraction 
position. The tool is retracted to the retraction position in linear 
interpolation at the dry run feedrate. When retraction is completed, 
the RETRACTIONS POSITION LED on the machine operator’s 
panel goes on. 

When the TOOL WITHDRAW switch is turned on during execution 
of a block in automatic operation, execution of the block is interrupted 
immediately and the tool is 

retracted. After retraction is completed, the system enters the 
automatic operation hold state. 

If the retraction distance and direction are not programmed, retraction 
is not performed. In this state, the tool can be withdrawn and 
returned. 

When the TOOL WITHDRAW switch is turned on in the automatic 
operation stop or hold state, the tool is retracted, then the automatic 
operation stop or hold state is entered again. 

When the TOOL WITHDRAW switch is turned on, the tool withdraw 
mode is set. When the tool withdraw mode is set, the TOOL BEING 
WITHDRAWN LED on the machine operator's panel goes on. 


When the manual mode is set, the tool can be moved manually (jog 
feed, incremental feed, handle feed, or manual numeral command) to 
replace the tool or measure a machined workpiece. This operation is 
called a withdrawal. The tool withdrawal path is automatically 
memorized by the CNC. 
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- Return 


- Repositioning 


Limitation 
- Offset 


When the mode is returned to automatic operation mode and the 
TOOL RETURN switch on the machine operator's panel is turned off, 
the CNC automatically moves the tool to the retraction position by 
tracing the manually-moved tool path backwards. This operation is 
called a return. Upon completion of a return to the retraction 
position, the RETRACTIONS POSITION LED comes on. 


When the cycle start button is pressed while the tool is in the 

retraction position, the tool moves to the position where the TOOL 

WITHDRAW switch was turned on. This operation is called 

repositioning. Upon completion of repositioning, the TOOL BEING 

WITHDRAWN LED is turned off, indicating that the tool withdrawal 

mode has terminated. Operation after completion of repositioning 

depends on the automatic operation state when the tool withdrawal 
mode is set. 

(1) When the tool withdrawal mode is set during automatic operation, 
operation is resumed after completion of repositioning. 

(2) When the tool withdrawal mode is set when automatic operation 
is held or stopped, the original automatic operation hold or stop 
state is set after completion of repositioning. When the cycle 
start button is pressed again, automatic operation is resumed. 


If the origin, presetting, or workpiece origin offset value (or External 
workpiece origin offset value) is changed after retraction is specified 
with G10.6 in absolute mode, the change is not reflected in the 
retraction position. After such changes are made, the retraction 
position must be respecified with G10.6. 

When the tool is damaged, automatic operation can be interrupted 
with a tool withdrawal and return operation in order to replace the tool. 
Note that if the tool offset value is changed after tool replacement, the 
change is ignored when automatic operation is resumed from the start 
point or other point in the interrupted block. 


- Machine lock, mirror image, and scaling 


- Reset 


- Retraction command 


When withdrawing the tool manually in the tool withdrawal mode, 
never use the machine lock, mirror-image, or scaling function. 


Upon reset, the retraction data specified in G10.6 is cleared. 
Retraction data needs to be specified again. 


The tool withdrawal and return function is enabled even when the 
retraction command is not specified. In this case, retraction and 
repositioning are not performed. 
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Z\ WARNING 
The retraction axis and retraction distance 
specified in G10.6 need to be changed in an 


appropriate block according to the figure being 
machined. Be very careful when specifying the 
retraction distance; an incorrect retraction distance 
may damage the workpiece, machine, or tool. 
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20.6 ELECTRIC GEAR BOX 





20.6.1 Electric Gear Box 


Overview 

This function enables fabrication of high-precision gears, screws, and 
other components by rotating the workpiece in synchronization with a 
rotating tool or by moving the tool in synchronization with a rotating 
workpiece. The rate of synchronization can be specified with a 
program. The synchronization of tool and workpiece axes with this 
function adopts a system in which the synchronization is directly 
controlled by digital servo, so that the workpiece axis can follow up 
the speed fluctuations on the tool axis with no error, thereby allowing 
fabrication of high-precision cogwheels. In the subsequent 
explanation, the Electronic Gear Box is called the EGB. 

Some conditions must be satisfied for setting the workpiece axis and 
tool axis. For details, refer to the relevant manual provided by the 
machine tool builder. 


- Example of controlled axis configuration 
Spindle : EGB master axis : Tool axis 
Ist axis : X axis 
2nd axis : Y axis 
3rd axis _: C axis (EGB slave axis : Workpiece axis) 
Ath axis : C axis (EGB dummy axis : Cannot be used as a normal 
controlled axis.) 



















































































































































































CNC 
Spindle (master axis) Spindle amp. Motor Spindle|Detector 
1st axis X (omitted) Tool axis 
2nd axis Y (omitted) 
2 EG sreerrnrernsemmeernncerncceneceeneernesemmernctnmenrnnicemmarnnisint tba 
2 FFG 
rd axis C 
slave axis | i Detector 
re tPosition control Velocity/current control Servo amp. Motor C axis 
fe : Workpiece axis 
Sync switch Ky Separate detector 
4th axis Z 
dummy axis K;: Sync coefficient 
Error counter 
,Follow-u + 
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NOTE 
The sampling cycle in which feedback pulses are 
read from the master axis, the synchronization 
pulses of the slave axis is calculated based on the 
synchronization coefficient K, and the pulses are 
issued for the position control for the slave axis is 1 
ms. 


Format 
G81 T_(L_)(Q_P_); Starts synchronization. 


G80 ; : Ends synchronization. 


T : Number of teeth (Specifiable range: 1 to 1000) 
L : Number of hob threads (Specifiable range: -21 to 
+21) 
The sign of L determines the direction of rotation 
for the workpiece axis. 


When L is positive, the direction of rotation for the 
workpiece axis is positive (+ direction). 
When L is negative, the direction of rotation for the 
workpiece axis is negative (- direction). 
If L is not specified, the number of hob threads is 
assumed 1. 
Q : Module or diametral pitch 
Specify a module in the case of metric input. 
(Unit: 0.00001mm, Specifiable range: 0.1 to 
25.0mm) 
Specify a diametral pitch in the case of inch input. 
(Unit: 0.00001inch”, Specifiable range: 0.1 to 
254.0 inch”) 
: Gear helix angle 
(Unit: 0.00001deg, Specifiable range: -90.0 to 
90.0deg) 
* When specifying Q and P, the user can use a 
decimal point. 





Explanation 

- Master axis, slave axis, and dummy axis 
The synchronization reference axis is called the master axis, while the 
axis along which movement is performed in synchronization with the 
master axis is called the slave axis. For example, if the workpiece 
moves in synchronization with the rotating tool as in a hobbing 
machine, the tool axis is the master axis and the workpiece axis is the 
slave axis. 
Which axes to become the master and slave axes depends on the 
configuration of the machine. For details, refer to the manual issued 
by the machine tool builder. 
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- Synchronization control 
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A single servo axis is used exclusively so that digital servo can 
directly read the rotation position of the master axis. (This axis is 
called the EGB dummy axis.) 


(1) 


(2) 


(3) 


Start of synchronization 

If G81 is issued so that the machine enters synchronization mode, 
the synch switch of the EGB function is closed, and the 
synchronization of the tool and workpiece axes is started. 
During synchronization, the rotation about the tool and 
workpiece axes is controlled so that the relationship between T 
(number of teeth) and L (number of hob threads) is maintained. 
During synchronization, the synchronization relationship is 
maintained regardless of whether the operation is automatic or 
manual. 

Specify P and Q to use helical gear compensation. 

If only either P or Q is issued, alarm PS1594 is generated. 

If, during synchronization, G81 is issued again without 
synchronization cancelation, alarm PS1595 is generated if ECN, 
bit 3 of parameter No. 7731, is 0. If ECN, bit 3 of parameter No. 
7731, is 1, helical gear compensation is conducted with the 
synchronization coefficient being changed to the one newly 
specified with T and L commands if T and L commands are 
issued, and if T and L commands are not issued and only P and Q 
commands are issued, helical gear compensation is conducted 
with the synchronization coefficient kept intact. This allows 
consecutive fabrication of helical gears and super gears. 


Start of tool axis rotation 

When the rotation of the tool axis starts, the rotation of the 
workpiece starts so that the synchronous relationship specified in 
the G81 block can be maintained. 

The rotation direction of the workpiece axis depends on the 
rotation direction of the tool axis. That is, when the rotation 
direction of the tool axis is positive, the rotation direction of the 
workpiece axis is also positive; when the rotation direction of the 
tool axis is negative, the rotation direction of the workpiece axis 
is also negative. However, by specifying a negative value for L, 
the rotation direction of the workpiece axis can be made opposite 
to the rotation direction of the tool axis. 

During synchronization, the machine coordinates of the 
workpiece axis and EGB axis are updated as synchronous motion 
proceeds. On the other hand, a synchronous move command 
has no effect on the absolute and relative coordinates. 


Termination of tool axis rotation 

In synchronism with gradual stop of the tool axis, the workpiece 
axis is decelerated and stopped. By specifying the command 
below after the spindle stops, synchronization is canceled, and 
the EGB synchronization switch is opened. 
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Cancellation of synchronization 

When cancellation of synchronization is issued, the absolute 

coordinate on the workpiece axis is updated in accordance with 

the amount of travel during synchronization. Subsequently, 

absolute commands for the workpiece axis will be enabled. 

For a rotation axis, the amount of travel during synchronization, 

as rounded to 360-degree units is added to the absolute 

coordinate. 

In the G80 block, only O and N addresses can be specified. 

By setting HBR, bit 0 of parameter No. 7700, to 0, it is possible 

to cancel synchronization with a reset. If the manual absolute 

signal is ON, the absolute coordinate is updated. 

Synchronization is automatically canceled under the following 

conditions: 

<1> An emergency stop is applied. 

<2> A servo alarm is generated. 

<3> An overtravel (software or hardware) alarm is generated for 
the slave axis. 

<4> Alarm PW0000 (POWER MUST BE OFF) is generated. 

<5> An IO alarm is generated. 


CAUTION 


1 


During synchronization, a move command can be 
issued for the workpiece and other axes, using a 
program. The move command for the workpiece 
and other axes must, however, be an incremental 


one. 
In synchronization mode, G27, G28, G29, G30, 
G30.1, G33, or G53 cannot be specified for the 
workpiece axis. 

Controlled axis detach cannot be used for the 
workpiece axis. 


NOTE 


1 


During synchronization, manual handle interruption 
can be performed on the workpiece and other 
axes. 

The maximum feedrates on the tool and workpiece 
axes are restricted by the position detector used. 

In synchronization mode, no inch/metric conversion 
commands (G20 and G21) cannot be issued. 

In synchronization mode, only the machine 
coordinate on the slave axis is updated. 

If EFX, bit 0 of parameter No. 7731, is 0, the 
canned cycle for drilling cannot be used. To use 
the canned cycle for drilling, set EFX, bit 0 of 
parameter No. 7731, to 1 and use G81.8 instead of 
G81 and G80.8 instead of G80. 
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- Helical gear compensation 


NOTE 

6 If TDP, bit O of parameter No. 7702, is 1, the 
permissible range of T is 0.1 to 100 (1/10 of the 
specified value). 
If, at the start of EGB synchronization (G81), L is 
specified as 0, synchronization starts with L 
assumed to be 1 if LZR, bit 3 of parameter 
No.7701, is 0; if LZR, bit 3 of parameter No.7701, 
is 1, synchronization is not started with L assumed 
to be 0. At this time, helical gear compensation is 
performed. 
Feed per revolution is performed on the feedback 
pulses on the spindle. By setting ERV, bit 0 of 
parameter No. 7703, to 1, feed per revolution can 
be performed based on the speed on the 
synchronous slave axis. 
In EGB synchronization mode, Al contour control 
mode is temporarily canceled. 





For a helical gear, the workpiece axis is compensated for the 
movement along the Z-axis (axial feed axis) based on the torsion angle 
of the gear. 

Helical gear compensation is performed with the following formulas: 


Z x sin(P) 

zxTxQ 

Z x Q x sin(P) 
xx T 


Compensation angle = x 360 (for metric input) 


Compensation angle = x 360 (for inch input) 
where 

Compensation angle: Signed absolute value (deg) 

Z: Amount of travel on the Z-axis after the specification of 
G81 
Signed gear helix angle (deg) 
Ratio of the circumference of a circle to its diameter 
Number of teeth 
Module (mm) or diametral pitch (inch-1) 
ee P, T, and Q specified in the G81 block. 


Ors as) 


In helical compensation, the machine coordinates on the workpiece 
axis and the absolute coordinates are updated with helical 
compensation. 
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- Direction of helical gear compensation 
The direction depends on HDR, bit 2 of parameter No. 7700. 


































































































































































































When HDR is set to 1. 
(a) (b) (c) (d) 
+Z +C +C +C +C 
i <I> alee, a> cl» 
V C:4+, Z:+, P:+ C:+, Z:+, P:- C:+, Z:-, P:+ C:4, Z:-, P:- 
Zz Compensation direction : + Compensation direction : - Compensation direction : - Compensation direction : + 
(e) (f) (9) (h) 
i -C C -C C 
i ale CD Ci> cals, 
V Gr-, Z:+, Pit C:-, Z:+, P:- C:-, Z:-, Pi+ C:-, Z:-, P:- 
-z Compensation direction : - Compensation direction : + Compensation direction : + Compensation direction : - 
When HDR is set to 0. (In (a), (b), (c), and (d), the same as that if HDR is 1) 
(e) (f) (9) (h) 
ie = -C -C ae: 
i Zip dl) le, 
V C:-, Z:+, P:+ C:-, Z:+, P:- C:-, Z:-, P:+ C:-, Z:-, P:- 
Zz Compensation direction : + Compensation direction : - Compensation direction : - Compensation direction : + 
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- Synchronization coefficient 
A synchronization coefficient is internally represented using a fraction 
(Kn/Kd) to eliminate an error. The formula below is used for 





calculation. 
—s : Kk, L 
Synchronization coefficient = — = ee 
K, T a 
where 


L: Number of teeth 

T: Number of hob threads 

a: Number of pulses of the position detector per rotation about the 
master axis (parameter No. 7772) 

6B: Number of pulses of the position detector per rotation about the 
slave axis (parameter No. 7773) 


Kn / Kd is a value resulting from reducing the right side of the above 
formula, but the result of reduction is subject to the following 
restrictions: 

-2147483648<K,,<2 147483647 

1<K,<65535 

When this restriction is not satisfied, the alarm (PS1596)is issued 
when G81 is specified. 


Example 

01000; 

NOO1O M19 ; Tool axis orientation 

N0020 G28 G91 CO ; Reference position return on_ the 
workpiece axis 

N0030 G81 T20 L1 ; Synchronous start on tool and 
workpiece axes 
(Rotation about the workpiece axis by 
18° per rotation about the tool axis) 


N0O040 S300 M03 ; Rotation about the tool axis at 300min™ 

N0050 GO1X_F_; Movement along the X-axis (cut) 

N0060 GOIZ F_; Movement along the Z-axis 
(machining) 


wet en nee n nen n nen n nnn nn nnn nn ; If necessary, axis commands such as C, 
X, and Z commands are allowed. 


NO100 G01 X_F_; Movement along the X-axis (escape) 
NO110 M05 ; Stop on the tool axis 
NO120 G80 ; Synchronous cancellation on tool and 


workpiece axes 
N0130 M30 ; 
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- Retract function 
(1) Retract function with an external signal 

When the retract switch on the machine operator’s panel is 
turned on, retraction is performed with the retract amount set in 
parameter No. 7741 and the feedrate set in parameter No. 7740. 
No movement is performed along an axis for which 0 is set as the 
retract amount. 
For the retract switch, refer to the relevant manual provided by 
the machine tool builder. 


(2) Retract function with a servo spindle alarm 
If, during EGB synchronization or automatic operation, a CNC 
alarm is generated due to an error on the servo or spindle axis, 
retraction is performed with the retract amount set in parameter 
No. 7741 and the speed set in parameter No. 7740. 
This can prevent the tool and the object being machined from 
damage if a servo alarm is generated. 


- Conditions under the retract function with a servo spindle alarm 
can be executed 
The conditions under which the retract function with a servo 
spindle alarm can be executed can be changed using the settings of 
ARE, bit 1 of parameter No. 7703, and ARO, bit 2 of parameter 
No. 7703. 
The table below lists parameter settings and corresponding 
conditions. 


Condition 
EGB synchronization is in progress. 
Both EGB synchronization and 
automatic operation are in progress. 
Either EGB synchronization or 
automatic operation is in progress. 

















/\, CAUTION 
Retraction is performed at the speed specified in 
parameter No. 7740. 
Feed hold is not effective to movement during 
retraction. 
Feedrate override is not effective to movement 
during retraction. 
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NOTE 
During a retract operation, an interlock is effective 
to the retract axis. 
During a retract operation, a machine lock is 
effective to the retract axis. 
When the retract switch is turned on during 
automatic operation, retraction is performed and 
automatic operation is held. 
During retraction, automatic operation cannot be 
performed. 
Retract movement is performed with non-linear 
type positioning. 
To enable the retract function with a servo spindle 
alarm, ART, bit 3 of parameter No.7702, must be 
set. 
After the end of retraction with a servo alarm, servo 
position control stops in 400 ms. 
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20.6.2 Electronic Gear Box Automatic Phase Synchronization 


Overview 


Format 


In the electric gear box (EGB), when synchronization start or 
cancellation is specified, synchronization is not started or canceled 
immediately. Instead, acceleration/deceleration is executed first. 
Therefore, synchronization can be started or canceled while the 
spindle is rotating. Also, synchronization ratio can be changed while 
the spindle is rotating. 

At synchronization start, automatic phase synchronization is 
performed such that the workpiece axis position matches the position 
corresponding to the spindle one-rotation signal. With this 
synchronization, the same operation is performed as synchronization 
start caused by a one-rotation signal in hobbing synchronization when 
using the functions of a hobbing machine. 

The spindle corresponds to the EGB master axis and the workpiece 
axis corresponds to an EGB slave axis. 


- Acceleration/deceleration type 





G81 T_ L_ R1 ; Synchronization start 
G80 R1 ; Synchronization cancellation 


T: Number of teeth (range of valid settings: 1-1000) 

L: Number of hob threads (range of valid settings: -21 to 
+21, excluding 0) 
When L is positive, the direction of rotation about the 
workpiece axis is positive (+ direction). 
When L is negative, the direction of rotation about the 
workpiece axis is negative (- direction). 











- Acceleration/deceleration plus automatic phase synchronization type 





G81 T_ L_ R2 ; Synchronization start 
G80 R1 ; Synchronization cancellation 


T: Number of teeth (range of valid settings: 1-1000) 

L: Number of hob threads (range of valid settings: -21 to 
+21, excluding 0) 
When L is positive, the direction of rotation about the 
workpiece axis is positive (+ direction). 
When L is negative, the direction of rotation about the 
workpiece axis is negative (- direction). 
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Explanation 
- Acceleration/deceleration type 
Siva 
speed 
Synchronization Synchronization 
start command cancellation command 
__ A | 
Workpiece- 
axis speed 
> 
Synchronization state 
Acceleration Deceleration 








Specify G81R1 to start synchronization. 

When G8I1RI1 is specified, the workpiece axis (slave axis) is 
subject to acceleration at the acceleration rate set in parameter No. 
7778. When the synchronization speed is reached, the G81R1 
block is terminated. 

For cancellation, specify G80R1 while the tool is moved away 
from the workpiece. 

When G80R1 is specified, deceleration is started immediately at 
the acceleration rate set in parameter No. 7778. 

When the speed is reduced to 0, the G80R1 block is terminated. 


NOTE 


1 


2 


During synchronization start/cancellation, 
acceleration/deceleration is linear. 

In the automatic cancellation of synchronization due 
to one of the following causes, deceleration is 
performed and synchronization is canceled: 

<1> Reset 


<2> PWO0O000 (POWER MUST BE OFF) 

<3> 10 alarm 

If EFX, bit 0 of parameter No. 7731, is 0, the 
canned cycle for drilling cannot be used. To use 
the canned cycle for drilling, set EFX, bit 0 of 
parameter No. 7731, to 1 and use G81.8 instead of 
G81 and G80.8 instead of G80. 
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- Acceleration/deceleration plus automatic phase synchronization type 





A 


Spindle 
speed 





Synchronization 


Synchronization : 
cancellation command 


start command 


| | 
Workpiece- 


axis speed 














‘i Automatic co lane 


Acceleration — synchronization state Deceleration 


Move the workpiece axis to the position that corresponds to that 
of the one-rotation signal of the spindle. 

Specify G81R2 to start synchronization. 

When G81R2 is specified, the workpiece axis is accelerated with 
the acceleration according to the acceleration rate set in the 
parameter (No.7778). Upon completion of phase 
synchronization, the G81R2 block terminates. 

For cancellation, specify G80R2 while the tool is moved away 
from the workpiece. 

When G80R2 is issued, deceleration is started immediately 
according to the acceleration rate set in parameter No. 7778. 
When the speed reaches 0, the G80R2 block terminates. 


CAUTION 


1 


Set the automatic phase synchronization speed in 
parameter No. 7776 and the movement direction in 
PHD, bit 7 of parameter No. 7702. 

Phase synchronization acceleration/deceleration is 
performed with the rapid traverse linear 
acceleration/deceleration rate (time constant 


specified in parameter No. 1620). 

The workpiece axis speed is the speed 
synchronized with spindle rotation with automatic 
phase synchronization speed being superposed. 
When setting the position deviation limit parameter 
(No. 1828), take the superposition into 
consideration. 
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NOTE 


1 





The one-rotation signal used for automatic phase 
synchronization is issued not by the spindle position 
coder but by the separate pulse coder attached to the 
spindle and used to collect EGB feedback information. 
This means that the orientation position based on the 
one-rotation signal issued by the spindle position coder 
does not match the position used as the reference for the 
workpiece axis when establishing phase synchronization 
for automatic phase synchronization based on G81R2. 
Moreover, the one-rotation signal of the separate pulse 
coder must be turned on for each rotation of the spindle. 
With the use of parameter No.7777, the position at which 
the phase of the workpiece axis is matched can be 
shifted from the position corresponding to the 
one-rotation signal in automatic phase matching. 

In automatic phase synchronization, when a 
synchronization command is issued again in a 
synchronization state, movement about the workpiece 
axis is performed such that the position corresponding to 
the one-rotation signal of the spindle matches the position 
about the workpiece axis specified in the G81R2 
synchronization start command executed first. 

In automatic phase synchronization, movement is 
performed about the workpiece axis from the current 
position to the nearest phase position in the phase 
synchronization movement direction specified by the 
parameter. 

Linear acceleration/deceleration applies to 
synchronization start/cancellation. 

The acceleration/deceleration plus automatic phase 
synchronization type can be executed by the PHS 
parameter, bit 6 of No.7702, without specifying an R2 
command in a G81 or G80 block. 

In the automatic cancellation of synchronization due to 
one of the following causes, deceleration is performed 
and synchronization canceled: 

<1> Reset 

<2> PWO0000 (POWER MUST BE OFF) 

<3> 10 alarm 

The acceleration rate parameter (No.7778) must not be 
changed in the synchronization mode. 

If EFX, bit 0 of parameter No. 7731, is 0, the canned 
cycle for drilling cannot be used. To use the canned 
cycle for drilling, set EFX, bit 0 of parameter No. 7731, to 
1 and use G81.8 instead of G81 and G80.8 instead of 
G80. 
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Program example 
- Acceleration/deceleration type 


M03 :; 
G81 T L_ RI; 
GOO X_; 


Clockwise spindle rotation command 
Synchronization start command 

Positions the workpiece at the machining 
position. 








Machining in the synchronous state 








Goo X; 
G81 T. L_ RI; 
Goo X:; 


Retract the workpiece from the tool. 
Synchronization ratio change. 

Positions the workpiece at the machining 
position. 








Machining in the synchronous state 








Goo X_; 
G80 RI ; 


Retract the workpiece from the tool. 
Synchronization cancel command 


- Acceleration/deceleration plus automatic phase synchronization type 


MO3 ; 

GOO G90 C _; 
G81 T L_ R2; 
GOO X_; 


Clockwise spindle rotation command 

C-axis positioning 

Synchronization start command 

Positions the workpiece at the machining 
position. 








Machining in the synchronous state 








Goo X; 
G81 T. L_ R2; 
Goo X:; 


Retract the workpiece from the tool. 
Synchronization ratio change. 

Positions the workpiece at the machining 
position. 








Machining in the synchronous state 








Goo xX; 
G80 R2 ; 
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20.6.3 Skip Function for EGB Axis 


Overview 
This function enables the skip or high-speed skip signal (these signals 
are collectively called skip signals in the remainder of this manual) for 
the EBG slave axis in synchronization mode with the EGB (electric 
gear box ). 
This function has features such as the following: 


1 ‘Ifa skip signal is input while an EGB axis skip command block 
is being executed, this block does not terminate until the 
specified number of skip signals have been input. 

2 Ifaskip signal is input while an EGB axis skip command block 
is being executed, the tool remains in synchronous mode and 
moves, not stopping on the EGB slave axis. 

3. The machine coordinates assumed when skip signals are input 
and the number of input skip signals are stored in specified 
custom macro variables. 


Format 
G81 T_L_; EGB mode ON 
G31.8 G91 a0 P_Q_(R_); EGB skip command 
a: Specify an EGB slave axis. The specified value must 
always be "0". 
P: Number of the first one of the custom macro 
variables used to store the machine coordinates 


assumed when skip signals are input. 

: Number of skip signals that can be input during the 
execution of G31.8 
(permissible range: 1 to 200). 

: Number of the custom macro variable used to store 
the number of input skip signals. 
Specify it to check the number of input signals. 





Explanation 
G31.8 is a one-shot G code. 
When G31.8 is executed, the machine coordinates assumed when skip 
signals are input are written in as many custom macro variables as the 
number specified in Q, starting with the one having the number 
specified in P, when the skip command block terminates. 
Also, the number of input skip signals is written to the custom macro 
variable specified in R each time a skip signal is input. 
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G81 T200 L2; EGB mode ON 
X_; 


Z_; 
G31.8 G91 CO P500 Q200 RI; EGB skip command 


After 200 skip signals have been input, the 200 skip positions on the 
C-axis that correspond to the respective skip signals are stored in 
custom macro variables #500 to #699. 

Also, the number of input skip signals is stored in custom macro 
variable #1. 


NOTE 
When specifying this function, specify only a single 
EGB slave axis. If no axis is specified for two or 
more axes are specified, alarm PS1152 is 
generated. 
If P is not specified, alarm PS1152 is generated. 
If R is not specified, the number of input skip 
signals is not written to a custom macro variable. 
The custom macro variable numbers specified in P 
and R must be existing ones. If a non-existent 
variable number is specified, alarm PS0O115 is 
generated. 
If a variable shortage occurs, alarm PS0115 is 
generated. 
Whether to use conventional skip signals or 
high-speed skip signals with this function can be 
specified with HSS, bit 4 of parameter No. 6200. If 
deciding to use high-speed skip signals, specify 
which high-speed signals to enable with 9S1 to 
9S8, bits 0 to 7 of parameter No. 6208). 
Skip positions are calculated from feedback pulses 
from the machine. Thus, they are free from errors 
due to delay in acceleration/deceleration and the 
servo system 





- 631 - 


20.AXIS CONTROL FUNCTIONS PROGRAMMING B-63944EN/02 


20.6.4 Electronic Gear Box 2 Pair 


Overview 
The Electronic Gear Box is a function for rotating a workpiece in sync 
with a rotating tool, or to move a tool in sync with a rotating 
workpiece. With this function, the high-precision machining of gears, 
threads, and the like can be implemented. A desired synchronization 
ratio can be programmed. 
Up to two sets of axes can be synchronized. A gear grinding machine 
can be controlled, for instance, by using one axis for rotating the 
workpiece in sync with the tool and another axis for performing 
dressing in sync with the tool. 
The specification method differs depending on the configuration of 
the machine. For details, refer to the relevant manual provided by 
the machine tool builder. 
The electric gear box is hereinafter called an EGB function. 


20.6.4.1 Specification method (G80.5, G81.5) 





Format 
G81.5 tt BI ; Synchronization start 
: Pp BOLI{ ’ 
t t 
Amount of travel Amount of travel 
along the master _ along the slave axis 
axis 
G80.5 BO ; = Synchronization end 
Explanation 


- Master axis, slave axis, and dummy axis 
The synchronization reference axis is called the master axis, while the 
axis along which movement is performed in synchronization with the 
master axis is called the slave axis. For example, if the workpiece 
moves in synchronization with the rotating tool as in a hobbing 
machine, the tool axis is the master axis and the workpiece axis is the 
slave axis. 
Which axes to become the master and slave axes depends on the 
configuration of the machine. For details, refer to the manual issued 
by the machine tool builder. 
A single servo axis is used exclusively so that digital servo can 
directly read the rotation position of the master axis. (This axis is 
called the EGB dummy axis.) 


- 632 - 


B-63944EN/02 


- Synchronization start 
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When the ratio of the master-axis travel to the slave-axis travel is 
specified, synchronization starts. 


Specify the master-axis travel in either of the following ways. 
1 Master-axis speed 


T t: Master-axis speed (1< t <1000) 


2 Master-axis pulse count 
P p: Master-axis pulse count (1< p <999999999) 
Specify a pulse count on the condition that four pulses 
correspond to one period in the A and B phases. 
Specify the slave-axis travel in either of the following ways. 
1 Slave-axis travel 
Bj: Slave-axis address 
Slave-axis travel indicated in units of the minimum travel 
increments 
(the range of valid settings for usual axis movement applies) 
When j = 0, the specified command is regarded as being a 
command for the slave-axis speed, described below. In this 
case, if L is not specified, an alarm is output. 





2 Slave-axis speed 


BO L+l 
B : Slave-axis address 
1: Slave axis speed(1</ <21) 


Z\ CAUTION 

1 Amove command can be issued by a program to 
the slave axis or other axes during synchronization. 
In this case, the command shall be an incremental 
command. 


A G27, G28, G29, G30, G30.1,G33 or G53 
command cannot be issued to the slave axis in 
synchronization mode. 

Controlled-axis detach cannot be used for the 
master axis or the slave axis. 


NOTE 
During synchronization, manual handle interruption 
can be performed on the slave and other axes. 
The maximum feedrates on the master and slave 
axes are restricted by the position detector used. 
In synchronization mode, no inch/metric conversion 
commands (G20 and G21) cannot be issued. 
In synchronization mode, only the machine 
coordinate on the slave axis is updated. 
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NOTE 

5 If G81.5 is issued again during synchronization, 
alarm PS1595 is generated if ECN, bit 3 of 
parameter No. 7731, is 0. If ECN, bit 3 of 
parameter No. 7731, is 1, the synchronization 
coefficient can be changed to a newly specified one. 


If EFX, bit 0 of parameter No. 7731, is 0, the canned 
cycle for drilling cannot be used. To use the canned 
cycle for drilling, set EFX, bit O of parameter No. 
7731, to 1. 

In EGB synchronization mode, Al contour control 
mode is temporarily canceled. 





- Synchronization end 
1 Canceling synchronization for each axis by issuing a command 

With a G80.5 BO command, synchronization is canceled. 
B is the address of the slave axis. Synchronization of the slave 
axis specified by f is canceled. 
A cancellation command can be issued only for one axis in one 
block. 
When £0 is not specified, the synchronization of all currently 
synchronized axes is canceled. 
When a synchronization cancellation command is issued, the 
absolute coordinates for the slave axis are updated according to 
the amount of travel during synchronization. For a rotation axis, 
the value obtained by rounding off the amount of travel during 
synchronization to the nearest 360 degrees is added to the 
absolute coordinates. 


2 Canceling synchronization by a reset 
By setting HBR, bit 0 of parameter No. 7700, to 0, 
synchronization is canceled with a reset. If the manual absolute 
signal is ON, the absolute coordinates are updated. 


3. Others 

Synchronization is automatically canceled under the following 

conditions. 

<l> Emergency stop 

<2> Servo alarm 

<3> A slave axis overtravel (software, hardware) alarm is 
generated 

<4> Alarm PW0000 (indicating that the power should be turned 
off) 


<5> An IO alarm is generated 
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20.6.4.2 Description of commands compatible with those for a 
hobbing machine (G80, G81) 


A command compatible with that for a hobbing machine can be used 
as a synchronization command. 

Usually, a hobbing machine performs machining by synchronizing the 
workpiece axis (usually, the C-axis) to the hobbing axis (spindle). 

If there are two synchronization sets with the EGB, which 
synchronization set to start with this specification method can be 
specified with parameter No. 7710. 


Format 


G81 T_(L_)(Q_P_); Synchronization start 
G80 ; Synchronization end 


T : Number of teeth (range of valid settings: 1 to 1000) 
L : Number of hob threads (range of valid settings: -21 
to +21, excluding 0) 
The sign of L determines the direction of rotation for 
the workpiece axis. 
When L is positive, the direction of rotation for the 
workpiece axis is positive (+ direction). 
When L is negative, the direction of rotation for the 
workpiece axis is negative (- direction). 
If L is 0, the direction depends on LZR, bit 3 of 
parameter No. 7701. 
When L is not specified, the number of hob threads is 
regarded as being 1. 
:Module or diametral pitch 
In metric input, specify a module 
(unit : 0.00001mm, range of valid settings : 0.1 to 
25.0mm) 
In inch input, specify a diametral pitch 
(unit : 0O.00001inch’, range of valid settings : 0.1 to 
254.0 inch”) 
: Twisted angle of a gear 
(unit : 0.00001deg, range of valid settings : -90.0 to 
90.0deg) 
The Q and P specifications may include the decimal 
point. 
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Explanation 
- Synchronization start 


Specify P and Q to use helical gear compensation. In this case, if only 
one of P and Q is specified, alarm (PS1594) is generated. 

When G81 is issued so that the machine enters synchronization mode, 
the synchronization of the workpiece axis to the spindle is started. 
During synchronization, control is performed such that the ratio of the 
spindle speed to the workpiece-axis speed is the same as that of T 
(number of teeth) to L (number of hob threads). 

If, during synchronization, G81 is issued again without 
synchronization cancelation, alarm PS1595 is generated if ECN, bit 3 
of parameter No. 7731, is 0. If ECN, bit 3 of parameter No. 7731, is 
1, helical gear compensation is conducted with the synchronization 
coefficient being changed to the one newly specified with T and L 
commands if T and L commands are issued, and if T and L commands 
are not issued and only P and Q commands are issued, helical gear 
compensation is conducted with the synchronization coefficient kept 
intact. This allows consecutive fabrication of helical gears and super 
gears. 


Z\ CAUTION 

1 Amove command can be issued by a program to 
the workpiece axis or other axes during 
synchronization. In this case, the command shall be 
an incremental command. 
A G27, G28, G29, G30, G30.1,G33 or G53 
command cannot be issued to the workpiece axis in 
synchronization mode. 
Controlled-axis detach cannot be used for the 
workpiece axis. 


NOTE 
1 During synchronization, manual handle interruption 


can be performed on the workpiece and other 
axes. 

The maximum feedrates on the tool and workpiece 
axes are restricted by the position detector used. 

In synchronization mode, no inch/metric conversion 
commands (G20 and G21) cannot be issued. 

In synchronization mode, only the machine 
coordinate on the slave axis is updated. 

If EFX, bit 0 of parameter No. 7731, is 0, the 
canned cycle for drilling cannot be used. To use 
the canned cycle for drilling, set EFX, bit 0 of 
parameter No. 7731, to 1 and use G81.8 instead of 
G81 and G80.8 instead of G80. 
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- Synchronization end 


- Helical gear compensation 
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NOTE 

6 If TDP, bit O of parameter No. 7702, is 1, the 
permissible range of T is 0.1 to 100 (1/10 of the 
specified value). 
If, at the start of EGB synchronization (G81), L is 
specified as 0, synchronization starts with L 
assumed to be 1 if LZR, bit 3 of parameter 
No.7701, is 0; if LZR, bit 3 of parameter No.7701, 
is 1, synchronization is not started with L assumed 
to be 0. At this time, helical gear compensation is 
performed. 
Feed per revolution is performed on the feedback 
pulses on the spindle. By setting ERV, bit 0 of 
parameter No. 7703, to 1, feed per revolution can 
be performed based on the speed on the 
synchronous slave axis. 
In EGB synchronization mode, Al contour control 
mode is temporarily canceled. 





Synchronization of all synchronized axes is canceled. 

When a synchronization cancellation command is issued, the absolute 
coordinates for the slave axis are updated according to the amount of 
travel during synchronization. 

For a rotation axis, the value obtained by rounding off the amount of 
travel during synchronization to the nearest 360 degrees is added to 
the absolute coordinates. 

In a G80 block, do not specify addresses other than O or N. 


For a helical gear, the workpiece axis is subjected to compensation for 
movement along the Z axis (axial feed axis) according to the twisted 
angle of the gear. 

Helical gear compensation is performed with the following data. 


Z x sin(P) 

xzxTxQ 

Z x Q x sin(P) 
xx T 


Compensation angle = x 360 (for metric input) 


Compensation angle = x 360 (for inch input) 
where 

Compensation angle: Absolute value with sign (degrees) 

Z: Amount of travel along the Z axis after a G81 command is 

issued (mm or inch) 

P: Twisted angle of the gear with sign (degrees) 

m : Ratio of the circumference of a circle to its diameter 

T : Number of teeth 

Q : Module (mm) or diametral pitch (inch-1) 

Use P, T, and Q specified in the G81 block. 
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Direction of helical gear compensation 
The direction depends on HDR, bit 2 of parameter No. 7700. 

















































































































When HDR = 1 
(a) (b) (c) (d) 
» cs” cfs” i cs” 
Cate Zia, (Pent C:4+,Z:+,P:- C:+,Z2:-,Pi+ C:+,Z:-,P:- 
-z Sompensation direction:+ Compensation direction:- Compensation direction:- Compensation direction:+ 
(e) (f) (g) (h) 
, eb e>° e>* ix 
-Z:+,Pi+ Cu Zt Pee Cr, Z:-,Po+ Css, 225) Pt 
-z Cc: Baten ie direction:- Compensation direction:+ Compensation direction:+ Compensation direction:- 
When HDR = 0 ((a), (b), (c), and (d) are the same as when HDR = 1) 
(g) 
-C 
~Z74,P i+ -Z:+,P:- C:-,Z:-,P:+ ‘ 
Z Cain ton direction:+ Saas direction:- Compensation direction:- Scene ace eins - 











- 638 - 


B-63944EN/02 PROGRAMMING 20.AXIS CONTROL FUNCTIONS 


20.6.4.3 Controlled axis configuration example 


- For gear grinders 
Spindle : EGB master axis : Tool axis 


Ist axis : X axis 
2nd axis : Y axis 
3rd axis _: C axis (EGB slave axis : Workpiece axis) 


4th axis : C axis (EGB dummy axis : Cannot be used as a normal 
controlled axis) 


5th axis : V axis (EGB slave axis : Dressing axis) 


6th axis : V axis (EGB dummy axis : Cannot be used as a normal 
controlled axis) 


Cannot be used as a normal controlled axis) 






























































































































































































































































CNC 

Spindle (master axis) Spindle amp. Motor iSpindle|Detector 

1st axis X (omitted) Tool axis 

2nd axis Y (omitted) 

wn EGB Cerne nee nee neenneenneenerenen enna teenteennienneneeeneenneenneentienieningy, | a 
ra FFG * 
f 3rd axis C B 
i slaveaxis J Detector 
> -fPestion control Velocity/current control Servo amp. Motor C axis 
- Workpiece axis 
Sync swiich Ky Separate detector 
? 4th axis 2 
: dummy axis Ki: Sync coefficient 
i Error counter 
4,Follow-u + 
e FFG 
f 5th axis V 
: slave axis Detector 

Position control Velocity/current control Servo amp. Motor V axis 
. Workpiece axis 





























Ko 





Syne switch Separate detector 








i 6th axis 
i dummy axis 





K2: Sync coefficient 
Error counter 























Fig. 20.6.4.3 (a) 
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NOTE 
The sampling cycle in which feedback pulses are 
read from the master axis, the synchronization 


pulses of the slave axis is calculated based on the 
synchronization coefficient K, and the pulses are 
issued for the position control for the slave axis is 1 
ms. 





20.6.4.4 Sample programs 


- When the master axis is the spindle, and the slave axis is the C-axis 

(a) G81.5 T10 CO LI ; 
Synchronization between the master axis and C-axis is 
started at the ratio of one rotation about the C-axis to ten 
rotations about the master axis. 

(b) G81.5 T10 CO L-l ; 
Synchronization between the master axis and C-axis is 
started at the ratio of one rotation about the C-axis to ten 
rotations about the master axis. 
In this case, however, the direction of rotation is opposite to 
that of (a). 

(c) G81.5 Tl C3.26 ; 
Synchronization between the master axis and C-axis is 
started at the ratio of a 3.26-degree rotation about the C-axis 
per one rotation about the master axis. 

(d) G81.5 P10000 C-0.214 ; 
Synchronization between the master axis and C-axis is 
started at the ratio of a -0.214 degree rotation about the 
C-axis to 10,000 feedback pulses from the pulse coder of 
the master axis. 


- When the master axis is the spindle, the slave axis is the V-axis (linear axis), and 
inch/metric conversion is performed 

(a) Fora millimeter machine and metric input 
G81.5 Tl V1.0 ; 
Synchronization between the master axis and V-axis is 
started at the ratio of a 1.00 mm movement along the V-axis 
per rotation about the master axis. 

(b) For a millimeter machine and inch input 
G81.5 Tl V1.0 ; 
Synchronization between the master axis and V-axis is 
started at the ratio of a 1.0 inch movement (25.4 mm) along 
the V-axis per rotation about the master axis. 
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- When two groups of axes are synchronized simultaneously 
Based on the controlled axis configuration described in Fig. 20.6.4.3 
(a), the sample program below synchronizes the spindle with the 
V-axis while the spindle is synchronized with the C-axis. 






























00100 
Mxx ; Performs spindle orientation. 
GOO G90 C...; Positions the C-axis. 
Starts synchronization at the ratio of one rotation about the 
G81.5 T10 CO L1; C-axis to ten spindle rotations. 
Myy $300 ; Rotates the spindle. 
iol (RAL 2X na Vbou Fae 3 Makes movements for grinding. Grinding 
Mzz : Stops the spindle. 
GOO G90 V...; Positions the dressing axis. 
G81.5 P12000 V0.5; Starts synchronization at the ratio of a 
0.5 mm movement along the V-axis 
every 12,000 pulses on the spindle. D : 
Myy $300 ; Rotates the spindle. neeeng 
M98 P9500 ; A subprogram for dressing is called. (Note) 
Mzz ; Stops the spindle. 
G80.5 VO; Cancels V-axis synchronization. 
Myy $300 ; Rotates the spindle. Grinding 
(Cl (CM ea Yoon [Pane § Makes movements for grinding. 


J 





Mzz ; 
N41 G80.5 CO; 





Stops the spindle. 
Cancels C-axis synchronization. 


V-axis synchronization mode 


C-axis synchronization mode 








Thus, the synchronizations of two groups can be started and canceled 
independently of each other. 
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NOTE 
If the V-axis (linear axis) is synchronized with the 
spindle as in dressing, the V-axis travel range is 
determined by the rotation of the spindle. To 
perform dressing with the tool moving back and 
forth along the V-axis in a certain range, therefore, 
the PMC must perform an operation in which the 
tool is stopped temporarily and is reversed when it 
reaches a certain position on the V-axis. 
In the above example, limit switches are provided to 
determine the range of travel along the V-axis and 
the PMC performs control so that the whetstone 
rotates until the tool reaches the position of each 
limit switch on the V-axis. 
By using the position switch function instead of limit 
switches, dressing can be performed as in the 
following example, without the need to mount limit 
switches to the machine. By rewriting the 
operating ranges of the position switches 
(parameters Nos. 6930 to 6945 and Nos. 6950 to 
6965) using the G10 programming Parameter input, 
the range of travel along the V-axis can be specified 
using a program. 
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- Example of use of dressing 


Gear grinder in the following machine configuration 


U-axis 


toe Ul 











'V-axis motor 




















09500 ; 
N01 G01 G91 U_ F100; 
N02 Maa S100; 


NO2 U V_; 
N03 Mbb_ S100; 





aX aX 


Limit switch 1 Limit switch 2 


Dressing axis approach 

The Maa command causes the PMC to rotate the 
whetstone in the positive direction. 

In accordance with this, the tool moves along the V-axis 
in the + direction. When the tool reaches the position of 
limit switch 2 on the V-axis, the PMC stops the 
whetstone and returns FIN. 

Movement to the next dressing position 

The Mbb command causes the PMC to rotate the 
whetstone in the negative direction. 

In accordance with this, the tool moves along the V-axis 
in the - direction. When the tool reaches the position of 
limit switch 1 on the V-axis, the PMC stops the 
whetstone and returns FIN. 

Movement to the next dressing position 

If required, NO2 to N04 are repeated to conduct dressing. 
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- Command specification for hobbing machines 


01234 ; 
NO0010 
N0020 
N0030 


N0040 
NO0050 
N0060 


NO100 
NO110 
NO0120 
NO0130 








M19 ; 


Based on the controlled axis configuration described in Fig. 20.6.4.3 
(a), the sample program below sets the C-axis (in parameter 7710) for 
starting synchronization with the spindle according to the command 
specification method for hobbing machines. 


Performs tool axis orientation. 


G28 G91 CO; Performs reference position return along the workpiece axis. 
G81 T20 L1; Starts synchronization with the spindle and C-axis at the ratio of 


S300 M03; 
GOl xX... F... 
GOl Y... F... 
GOl xX... F... 
M05 ; 

G80 ; 

M30; 


a 18° rotation about the C-axis to one spindle rotation. 


Rotates the spindle at 300 min’. 
; Makes a movement along the X-axis (for cutting). 
; Makes a movement along the Y-axis (for grinding). 
Axes such as the C-axis, X-axis, and Y-axis can be specified as 
required. 
; Makes a movement along the X-axis (for retraction). 
Stops the spindle. 
Cancels the synchronization between the spindle and C-axis. 
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20.6.4.5 Synchronization ratio specification range 


- Example 1) 


The programmed ratio (synchronization ratio) of a movement along 
the slave axis to a movement along the master axis is converted to a 
detection unit ratio inside the NC. If such converted data (detection 
unit ratio) exceeds a certain allowable data range in the NC, 
synchronization cannot be established correctly, and an alarm 
(PS1596) is issued. 

Even when a programmed master axis movement and a programmed 
slave axis movement are within specifiable ranges, a detection unit 
ratio obtained by conversion can exceed the allowable range, thus 
resulting in an alarm. 

Let K be a synchronization ratio. The internal data corresponding K is 
the amount of slave axis movement (Kn) represented in the detection 
unit divided by the amount of master axis movement (Kd) represented 
in the detection unit; 

this fraction is represented as Kn/Kd (reduced to its lowest terms) as 
indicated below. 


_ Kn _ Amount of slave axis movement represented in the detection unit 





~ Kd Amount of master axis movement represented in the detection unit 


Kn and Kd must lie within the following ranges: 


-2147483648 <Kn< 2147483647 
1 <Kd< 65535 


When Kn or Kd exceeds its allowable range above, an alarm (PS1596) 
is issued. 

In conversion to the detection unit, when the CMR (command 
multiplication: 

parameter 1820) is a fraction or when inch/millimeter conversion is 
used, the fraction is directly converted without modification so that no 
error can occur in the conversion of specified amounts of movement. 
During conversion, the amount of movement is multiplied by 254/100 
for inch input on a millimeter machine, and 100/254 for metric input 
on an inch machine. Thus, Kn and Kd can become large numbers. If a 
synchronization ratio cannot be reduced to its lowest terms, an alarm 
condition is likely to occur. 


Based on the controlled axis configuration described in Fig. 20.6.4.3 
(a), suppose that the spindle and V-axis are as follows: 


Spindle pulse coder : 72000pulse/rev (4 pulses for one 
A/B phase cycle) 

C-axis least command increment : 0.001deg 

C-axis CMR iD 

V-axis least command increment : 0.001mm 

V-axis CMR HD 
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Then, the C-axis detection unit is 0.0002 degree. The V-axis detection 
unit is 0.0002 mm. In this case, the synchronization ratio (Kn, Kd) is 
related with a command as indicated below. Here, let Pm and Ps be 
the amounts of movements represented in the detection unit on the 
master axis and slave axis specified in a synchronization start 
command, respectively. 


(1) When the master axis is the spindle, and the slave axis is the 
C-axis 


(a) 


(b) 


Command: G81.5 T10 CO LI ; 

Operation : Synchronization between the spindle and C-axis 
is started at the ratio of one rotation about the 
C-axis to ten spindle rotations. 

Pm : (Number of pulses per spindle rotation) x (10 
rotations) > 72000 x 10 

Ps : (Amount of movement per rotation about the 
C-axis) x CMR x (one rotation) > 360000 x 5 
x1 


Kn — 360000X5X1 5. 
Kd 72000X10 2 
Both Kn and Kd are within the allowable range. No alarm is 


output. 


Command: G81.5 T10 CO L-l ; 

Operation : Synchronization between the spindle and C-axis 
is started at the ratio of one rotation about the 
C-axis to ten spindle rotations. 
In this case, however, the direction of rotation 
is opposite to that of (a) above. 


Pm : (Number of pulses per spindle rotation) x (10 
rotations) > 72000 x 10 

Ps : (Amount of movement per rotation about the 
C-axis) x CMR x (one rotation) — -360000 x 5 
x1 


Kn — -360000X5X1— -5 
Kd 72000X10 2 
Both Kn and Kd are within the allowable range. No alarm is 


output. 


Command: G81.5 Tl C3.263_ ; 

Operation : Synchronization between the spindle and C-axis 
is started at the ratio of a 3.263-degree rotation 
about the C-axis to one spindle rotation. 


Pm : (Number of pulses per spindle rotation) x (one 
rotation) > 72000 x 1 

Ps : (Amount of C-axis movement) x CMR — 3263 
x5 
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(d) 


(e) 


Kn 3263 X5 3263 


Kd 720001 ~~: 14400 
Both Kn and Kd are within the allowable range. No alarm is 
output. 


In this sample program, when T1 is specified for the master 
axis, the synchronization ratio (fraction) of the CMR of the 
C-axis to the denominator Kd can always be reduced to 
lowest terms, thus Kd falls in the allowable range. So, the 
specifiable range of C is as follows: 

-99999999 < C < 99999999 


Command: G81.5 T10 C3.263 ; 

Operation : Synchronization between the spindle and C-axis 
is started at the ratio of a 3.263-degree rotation 
about the C-axis to ten spindle rotations. 


Pm : (Number of pulses per spindle rotation) x (10 
rotations) > 72000 x 10 

Ps : (Amount of C-axis movement) x CMR — 3263 
x5 


Kn 3263 X5 3263 


Kd = 7200010 ~—-144000 


In this case, an alarm is issued because Kd exceeds the 
specifiable range. 





Command: G81.5 P10000 C-0.214 ; 

Operation : Synchronization between the spindle and C-axis 
is started at the ratio of a -0.214 degree rotation 
of the C-axis to 10,000 feedback pulses from 
the pulse coder of the spindle. 


Pm : (Specified number of feedback pulses from the 
pulse coder of the spindle) + 10000 

Ps : (Amount of C-axis movement) x CMR > -214 
x5 


Kn — -214X5 __ -107 
Kd 10000 ~——-:1000 
Both Kn and Kd are within the allowable range. No alarm is 


output. 


(2) When the master axis is the spindle, the slave axis is the V-axis 
(linear axis), and inch/metric conversion is performed 


(a) 


For a millimeter machine and metric input 

Command: G81.5 Tl V1.0 ; 

Operation : Synchronization between the spindle and 
V-axis is started at the ratio of a 1.0 inch 
movement (25.4 mm) along the V-axis per 
spindle rotation. 

Pm : (Number of pulses per spindle rotation) x (one 
rotation) > 72000 x 1 
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Ps : (Amount of V-axis movement) x CMR — 1000 
x 5 


Kn 1000X5— 5 
Kd 72000 = 72 
Both Kn and Kd are within the allowable range. No alarm is 


output. 


(b) For a millimeter machine and inch input 


Command: G81.5 Tl V1.0; 

Operation : Synchronization between the spindle and 
V-axis is started at the ratio of a 1.0inch 
(25.4mm) movement along the V-axis per 
spindle rotation. 


Pm : (Number of pulses per spindle rotation) x (one 
rotation) > 72000 x 1 
Ps : (Amount of V-axis movement) x CMR x 254 + 


100 + 10000 x 5 x 254 + 100 


Kn _ 10000X5X254 127 


Kd ~~ 72000X100 72 
Both Kn and Kd are within the allowable range. No alarm is 
output. 


(c) Fora millimeter machine and inch input 


Command: G81.5 Tl V0.0013 ; 

Operation : Synchronization between the spindle and 
V-axis is started at the ratio of a 0.0013 inch 
(0.03302 mm) movement along the V-axis per 
spindle rotation. 


Pm : (Number of pulses per spindle rotation) x (one 
rotation) > 72000 x 1 
Ps : (Amount of V-axis movement) x CMR x 254 + 


100 > 13 x5 x 254+ 100 


Kn 13X5X254 1651 


Kd 72000100 720000 


In this case, an alarm is issued because Kd exceeds the 
specifiable range. 





Based on the controlled axis configuration described in Fig. 20.6.4.3 
(a), suppose that the spindle and V-axis are as follows: 


Spindle pulse coder : 72000pulse/rev (4 pulses for one 
A/B phase cycle) 

C-axis least command increment : 0.001deg 

C-axis CMR > 1/2 

V-axis least command increment : 0.001mm 

V-axis CMR : 1/2 
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Then, the C-axis detection unit is 0.002 degree. The V-axis detection 
unit is 0.002 mm. 


In this case, the synchronization ratio (Kn, Kd) is related with a 
command as indicated below. Here, let Pm and Ps be the amounts of 
movements represented in the detection unit for the master axis and 
slave axis specified in a synchronization start command, respectively. 
(1) When the master axis is the spindle, and the slave axis is the 
C-axis 
(a) Command: G81.5 Tl C3.263 ; 
Operation : Synchronization between the spindle and C-axis 
is started at the ratio of a 3.263-degree rotation 
about the C-axis per spindle rotation. 


Pm : (Number of pulses per spindle rotation) x (one 
rotation) > 72000 x 1 

Ps : (Amount of C-axis movement) x CMR > 
3263 x 1+2 


Kn 3263 X 1 3263 


Kd 720002 ~—-:144000 


In this case, an alarm is issued because Kd exceeds the 
specifiable range. 





(b) Command: G81.5 Tl C3.26 ; 
The value specified for C slightly differs from 
that specified for C in (a). 
Operation : Synchronization between the spindle and C-axis 
is started at the ratio of a 3.26-degree rotation 
about the C-axis per spindle rotation. 


Pm : (Number of pulses per spindle rotation) x (one 
rotation) > 72000 x 1 

Ps : (Amount of C-axis movement) x CMR > 
3260 x 1+2 


Kn 3260X1 163. 
Kd 720002 = 7200 

(a) causes an alarm to be output because the values cannot 

be abbreviated. (b) causes no alarm because the ratio of 


the travel distances can be abbreviated to a simple ratio. 
20.6.4.6 Retract function 


See "Retract function" in the Subsection 20.6.1 "Electronic Gear 
Box". 
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2 1 5-AXIS MACHINING FUNCTION 
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21.1 


Overview 


PROGRAMMING _21.5-AXIS MACHINING FUNCTION 


TOOL CENTER POINT CONTROL FOR 5-AXIS 


MACHINING 


On a 5-axis machine having two rotary axes that turn a tool or table, 
this function performs tool length compensation constantly, even in 
the middle of a block, and exerts control so that the tool center point 
moves along the specified path. (See Fig. 21.1 (a).) 

There are three different types of 5-axis machines - <1> those that 
rotate the tool only, <2> those that rotate the table only, and <3> those 
that rotate both the tool and table. (See Fig. 21.1 (d).) 

This function is intended to perform machining on such 5-axis 
machines having rotary axes that turn a tool or table as well as three 
orthogonal axes (X-, Y-, and Z-axes) by accomplishing tool length 
compensation while changing the attitude of the tool. It enables the 
tool center point to move along the specified path even if the tool's 
direction changes with respect to the workpiece. 

A coordinate system used for programming the tool center point 
control is called the programming coordinate system. 

A coordinate system fixed on the table can be used as the 
programming coordinate system, which makes CAM programming 
easy. 

A workpiece coordinate system fixed on a machine coordinate system 
can be employed as the programming coordinate system as well. On 
a machine of mixed type or table rotation type, cutter compensation 
for 5-axis machining is programmed in the workpiece coordinate 
system. So, to use cutter compensation for 5-axis machining and tool 
center point control at the same time, the workpiece coordinate system 
must be used as the programming coordinate system. 

In any case, the cutting speed can be controlled easily because the tool 
center point moves at a specified speed with respect to the table 
(workpiece). 

The commands that can be issued during tool center point control are 
positioning (G00), linear interpolation (G01), circular interpolation 
(G02, G03), and helical interpolation (G02, G03). 


point 






is center OF Pn / __Program-specified 
point path 


Fig. 21.1 (a) Path of the tool center point 
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Tool center point path 


Fig. 21.1 (b) Path of the tool center point 
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When a coordinate system fixed on the table is used as the 
programming coordinate system, programming can be performed 
without worrying about the rotation of the table because the 
programming coordinate system does not move with respect to the 
table, although the position and direction of the workpiece fixed on 
the table change due to its rotation. When a straight line is specified, 
the tool center point moves along a straight path with respect to the 
workpiece as instructed. (See Fig. 21.1 (b).) 

By setting the relevant parameter, the workpiece coordinate system 
can also be employed as the programming coordinate system. In this 
case, as the table turns, the position and direction of the workpiece 
fixed on the table change with respect to the programming coordinate 
system. It is therefore necessary to take into account the rotation of 
the table when specifying the end point. In this case, too, when a 
straight line is specified, the tool center point moves along a straight 
path with respect to the workpiece as instructed. 

Fig. 21.1 (c) illustrates how linear interpolation is accomplished with a 
mixed type machine, showing the relationship between the case when 
a table-fixed coordinate system is used as the programming coordinate 
system and the case when the workpiece coordinate system is used. 

If linear interpolation is specified in this function mode, speed control 
is exerted in such a way that the tool center point moves at a specified 
speed with respect to the workpiece. 
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Machine configuration: The A-axis is the rotation axis for controlling the tool. 
The B-axis is the rotation axis for controlling the table. 
Program: Created using the programming coordinate system. 





Workpiece coordinate 
system used when tool 
center point control starts 











Z' gs 


Specified end-point vector resulting when 
a workpiece coordinate system is used as 


the programming coordinate system 





Workpiece 
coordinate 
system (It 
doesn’t move 
even if the B- 
axis rotates.) 











Aa 


Specified 
start point 


The cutting path is straight 








Coordinate system fixed on 
the table 














Specified ‘end-point vector resulting 
when a table-fixed coordinate system is 
used as the programming coordinate 
system 





Fig. 21.1 (c) Linear interpolation with a mixed type machine 
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<1>_ Tool rotation type machine 


<2> Table rotation type machine 


<3> Mixed type machine 








Fig. 21.1 (d) Three types of 5-axis machine 


Even if the rotary axis that controls the tool does not intersect the one 
that controls the table, this function can still be used. 
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Format 


There are two types, as described below, one of which is used 
depending on how the direction of the tool axis is specified. 


(1) Type 1 
The block end point of the rotary axes is specified (e.g. A, B, C). 
The CNC performs tool length compensation by the specified 
amount in the tool axis direction that is calculated from the 
specified position of the rotary axes and exerts control so that the 
tip of the tool moves along the specified path. 


(2) Type 2 

The direction of the tool axis (I, J, K) at the block end point, as 
seen from the coordinate system fixed on the table, is specified, 
instead of the position of the rotary axes. 

The CNC calculates an end point of the rotary axes where the 
tool will face the specified direction, performs tool length 
compensation by the specified amount in the tool axis direction 
that is calculated from the position of the rotary axes, and exerts 
control so that the tip of the tool moves along the specified path. 


- Positioning and linear interpolation for tool center point control (type 1) 





IP 


a, 





G43.4 IP_ a_ B_H_; Starts tool center point control (type 1). 
IP_ 


a_Bp_; 


: In the case of an absolute programming, the coordinate 
value of the end point of the tool tip movement 
In the case of an incremental programming, the amount of 
the tool tip movement 

B: In the case of an absolute programming, the coordinate 

value of the end point of the rotary axes 
In the case of an incremental programming, the amount of 
the rotary axis movement 

: Tool offset number 








Movement to the position specified by the G43.4 block (startup) does 
not constitute tool center point control. Only tool length 
compensation is performed. 

As for rotary axes, either table rotation axes or tool rotation axes are 
specified. 


While performing compensation for the rotary axes, the CNC controls 
the control points so that the tool center point moves along a straight 
line with respect to the table (workpiece). The end of the tool center 
point comes to the point specified on the programming coordinate 
system. 
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- Positioning and linear interpolation for tool center point control (type 2) 
G43.5 IP_H_Q_=; Starts tool center point control (type 2). 





IP_|l_J_K_; 
IP : In the case of an absolute programming, the 
coordinate value of the end point of the tool tip 
movement 


In the case of an incremental programming, the 
amount of the tool tip movement 

I, J, K : Tool axis direction at the block end point as seen from 
the programming coordinate system 

H : Tool offset number 

Q : Inclination angle of the tool (in degrees) 











Movement to the position specified by the G43.5 block does not 
constitute tool center point control. Only tool length compensation is 
performed. 

No rotary axes are specified. Instead, the direction of the tool end 
point is specified as I, J, K, as seen from the programming coordinate 
system (the one fixed on the table when G43.5 is specified). 

With a tool rotation type machine, I, J, K can be specified using the 
G43.5 block. In the case of a table rotation type or mixed type 
machine, however, these cannot be specified. Specifying them with 
a table rotation type or mixed type machine causes alarm PS5421. 


While performing compensation for the rotary axes, the CNC controls 
the control points so that the tool center point moves along a straight 
line with respect to the table (workpiece). The end of the tool center 
point comes to the point specified on the programming coordinate 
system. 


/A\ CAUTION 
If one or two of the I, J, and K values are omitted, the 
omitted value or values are considered to be 0. 
In a block in which I, J, and K are all omitted, the 
compensation vector of the preceding block is used. 
This block can be used only when the programming 
coordinate system is fixed on the table (when the WKP 
parameter (No.19696#5) is set to 0). Specifying 
G43.5 when the WKP parameter (No.19696#5) is set to 
1 causes alarm PS5459. 
Type 2 cannot be used when there is only one rotary 
axis or when any hypothetical axis is used. Specifying 
G43.5 in such a case causes alarm PS5459. 
When using the rotary axis rollover function or the 
rotary axis control function, set parameter No.1260 
(amount of movement per rotation of the rotary axis) to 
360 degrees. 
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- Circular interpolation for tool center point control (type 1) 
G43.4 IP_ H_; Starts tool center point control (type 1). 


G02 |_J_K 

G17 IP_- a2 PF 5 
G03 R 
G02 |_J_K 

G18 IP__ a_fB F_; 
G03 R_ 
G02 |_J_K 

G19 IP_ a_fB F_; 
G03 R_ 


G17: X-Y plane of the table coordinate system 

G18: Z-X plane of the table coordinate system 

G19 _: Y-Z plane of the table coordinate system 

G02 =: Clockwise (CW) circular interpolation 

G03 =: Counterclockwise (CCW) circular interpolation 

IP : In the case of an absolute programming, the 
coordinate value of the end point of the tool tip 
movement 
In the case of an incremental programming, the 
amount of the tool tip movement 
(This pertains only to two axes on the plane.) 

I, J, K : Specify the distance between the start point in the 
rotary axis position of the block start point and the 
center of the arc, as seen from the programming 
coordinate system. 

R : Arc radius R>0O: The center angle of the arc is less 

than 180°. 
R <0: The center angle of the arc is 
more than 180°. 

a,fB  : In the case of an absolute programming, the 
coordinate value of the end point of the rotary axis 
In the case of an incremental programming, the 
amount of the rotary axis movement 





F : Specified speed (speed in the tangent direction of the 
arc as seen from the table coordinate system) 
H : Tool offset number 





Movement to the position specified by the G43.5 block does not 
constitute tool center point control. Only tool length compensation is 
performed. While performing compensation for the rotary axes, the 
CNC controls the control points so that the tool center point moves 
along an arc with respect to the table (workpiece). The end of the 
tool center point comes to the point specified on the programming 
coordinate system. 
/A\ CAUTION 
Any command that does not move the tool center point 


with respect to the workpiece (one that moves the rotary 
axes only) must be executed in GOO or G01 mode. 
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- Circular interpolation for tool center point control (type 2) 
G43.5 IP_ H_Q_; Starts tool center point control (type 2). 


ofa 
aes 
ae 





Ss 


ane rae Sy 
| ° 
lee 
x 
A 
ib 


IP_l_J K_R_F 


Rb 8 


GO 
GO 
GO 
GO 


Rb 8 


G19 


G17 __: X-Y plane of the table coordinate system 
G18: Z-X plane of the table coordinate system 
G19 __: Y-Z plane of the table coordinate system 
G02 =: Clockwise (CW) circular interpolation 
G03 =: Counterclockwise (CCW) circular interpolation 
IP : In the case of an absolute programming, the 
coordinate value of the end point of the tool tip 
movement 
In the case of an incremental programming, the 
amount of the tool tip movement 
(This pertains only to two axes on the plane.) 
I, J, K : Tool axis direction at the block end point as seen from 
the programming coordinate system 
R : Arcradius R>0O: Thecenter angle of the arc is less 
than 180°. 
R<0O: The center angle of the arc is 
more than 180°. 


F : Specified speed (speed in the tangent direction of the 
arc as seen from the table coordinate system) 

H : Tool offset number 

Q : Inclination angle of the tool (in degrees) 





Movement to the position specified by the G43.5 block does not 
constitute tool center point control. Only tool length compensation is 
performed. 

No rotary axes are specified. Instead, the direction of the tool end 
point is specified as I, J, K, as seen from the programming coordinate 
system (the one fixed on the table when G43.5 is specified). 

With a tool rotation type machine, I, J, K can be specified using the 
G43.5 block. In the case of a table rotation type or mixed type 
machine, however, these cannot be specified. Specifying them with 
a table rotation type or mixed type machine causes alarm PS5421. 
While performing compensation for the rotary axes, the CNC controls 
the control points so that the tool center point moves along an arc with 
respect to the table (workpiece). The end of the tool center point 
comes to the point specified on the programming coordinate system. 
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/A\. CAUTION 

1 Only arc radius R can be specified. (The distance 
from the start point to the center of the arc cannot 
be specified using I, J, and K.) 
A round circle (the start point and end point are the 
same) cannot be specified. 


Any command that does not move the tool center 
point with respect to the workpiece (one that moves 
the rotary axes only) must be executed in GOO or 
G01 mode. 

See the CAUTION box for tool center point control 


(type 2). 
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- Helical interpolation for tool center point control (type 1) 
G43.4 IP_H ; Starts tool center point control (type 1). 


_J_K 
a_B_y_F_s; 
_J_K 
a_B_y_F_s; 
LJ K_ 
(apf pas 
03 R_ 

G17 : X-Y plane of the table coordinate system 

G18: Z-X plane of the table coordinate system 

G19: Y-Z plane of the table coordinate system 

G02 =: Clockwise (CW) circular interpolation 

G03 _: Counterclockwise (CCW) circular interpolation 

IP : In the case of an absolute programming, the 
coordinate value of the end point of the tool tip 
movement 
In the case of an incremental programming, the 
amount of the tool tip movement 
(This pertains only to two axes on the plane.) 

I, J, K : Specify the distance between the start point in the 
rotary axis position of the block start point and the 
center of the arc, as seen from the programming 
coordinate system. 

R : Arcradius R>0O: Thecenter angle of the arc is less 

than 180°. 
R<0O: The center angle of the arc is 
more than 180°. 

a,B  : Inthe case of an absolute programming, the 
coordinate value of the end point of the rotary axis 
In the case of an incremental programming, the 
amount of the rotary axis movement 

Y : In the case of an absolute programming, the 
coordinate value of the end point of the tool tip 
movement 
In the case of an incremental programming, the 
amount of the tool tip movement 
(This pertains only to one of the linear axes subject to 
tool center point control for 5-axis machining which 


does not exist on the plane. Linear interpolation is 
performed simultaneously with circular interpolation.) 





& 


Rb 8 


G02 
GO 
GO 
G 


F : Specified speed (speed in the tangent direction of the 
arc as seen from the table coordinate system) 
H : Tool offset number 
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Movement to the position specified by the G43.5 block does not 
constitute tool center point control. Only tool length compensation is 
performed. 


Because the specified speed is usually the speed in the tangent 
direction of the arc, the speed of the linear axis, when seen from the 
Length of the linear axis 


table coordinate system, is: Fx 
2 Length of the arc 


Depending on parameter HTG (No.1403#5), the specified speed varies 
as shown in the following table. 


HTG (No.1403#5) 
0 1 





Tangentisl need orineare Synthetic speed of the linear axis 
speed and tangential speed 


While performing compensation for the rotary axes, the CNC controls 
the control points so that the tool center point moves helically with 
respect to the table (workpiece). The end of the tool center point 
comes to the point specified on the programming coordinate system. 





/A\. CAUTION 
Any command that does not move the tool center 


point with respect to the workpiece (one that moves 
the rotary axes only) must be executed in GOO or 
G01 mode. 
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- Helical interpolation for tool center point control (type 2) 





G43.5 IP_ H_ Q_; Starts tool center point control (type 


ctr] 
ore} 


o104 


G17 
G18 
G19 
G02 
G03 
IP 


I,J, K 


OL 


G02 2). 
IP_l J K_R_y F_; 


G03 
G02 

IP_|_ J K_ R_y_F_; 
G03 
G02 

IP_|_ J K_ R_y_F_; 
G03 


: X-Y plane of the table coordinate system 

: Z-X plane of the table coordinate system 

: Y-Z plane of the table coordinate system 

: Clockwise (CW) circular interpolation 

: Counterclockwise (CCW) circular interpolation 

: In the case of an absolute programming, the 
coordinate value of the end point of the tool tip 
movement 
In the case of an incremental programming, the 
amount of the tool tip movement 
(This pertains only to two axes on the plane.) 

: Tool axis direction at the block end point as seen 
from the programming coordinate system 

: Arcradius R>0O: The center angle of the arc is 

less than 180°. 
R <0: The center angle of the arc is 
more than 180°. 

: In the case of an absolute programming, the 
coordinate value of the end point of the tool tip 
movement 
In the case of an incremental programming, the 
amount of the tool tip movement 
(This pertains only to one of the linear axes subject 
to tool center point control for 5-axis machining 
which does not exist on the plane. Linear 
interpolation is performed simultaneously with 
circular interpolation.) 

: Specified speed (speed in the tangent direction of 
the arc as seen from the table coordinate system) 

: Tool offset number 

: Inclination angle of the tool (in degrees) 





Movement to the position specified by the G43.5 block does not 
constitute tool center point control. Only tool length compensation is 


performed. 
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Because the specified speed is the speed in the tangent direction of the 
arc, the speed of the linear axis, when seen from the table coordinate 
Length of the linear axis 


system, is: Fx 
m Length of the arc 


Depending on parameter HTG (No.1403#5), the specified speed varies 
as shown in the following table. 


HTG (No.1403#5) 
0 1 








Tangential speed of the arc Synthetic speed of the linear axis 
speed and tangential speed 


No rotary axes are specified. Instead, the direction of the tool end 
point is specified as I, J, K, as seen from the programming coordinate 
system (the one fixed on the table when G43.5 is specified). 

With a tool rotation type machine, I, J, K can be specified using the 
G43.5 block. In the case of a table rotation type or mixed type 
machine, however, these cannot be specified. Specifying them with 
a table rotation type or mixed type machine causes alarm PS5421. 
While performing compensation for the rotary axes, the CNC controls 
the control points so that the tool center point moves helically with 
respect to the table (workpiece). The end of the tool center point 
comes to the point specified on the programming coordinate system. 


A\ CAUTION 
Only arc radius R can be specified. (The distance 
from the start point to the center of the arc cannot 
be specified using I, J, and K.) 
A round circle cannot be specified. 


Any command that does not move the tool center 
point with respect to the workpiece (one that moves 
the rotary axes only) must be executed in GOO or 
G01 mode. 

See the CAUTION box for tool center point control 


(type 2). 





- 664 - 


B-63944EN/02 PROGRAMMING _21.5-AXIS MACHINING FUNCTION 


- Tool center point control cancellation command 





G49 IP_ a_ f_; Cancels tool center point control. 


IP_ : In the case of an absolute programming, the 
coordinate value of the end point of the tool control 
point movement 
In the case of an incremental programming, the 
amount of the tool control point movement 

a, B: In the case of an absolute programming, the 
coordinate value of the end point of the rotary axes 
In the case of an incremental programming, the 
amount of the rotary axis movement 





The cancellation block for tool center point control is the one that 
controls buffering. 





Control point: 
Control target on the 
machine coordinate 
system 


Le 


: Tool offset value 
Tool center point 


Fig. 21.1 (e) Control point and tool center point 











/A\ CAUTION 


The G49 command must be executed in GOO or 
G01 mode. 





- 665 - 


21.5-AXIS MACHINING FUNCTION PROGRAMMING B-63944EN/02 


- Inclination angle of the tool 
In the case of tool center point control of type 2, the inclination angle 
of the tool can be specified using address Q of G43.5. The 
inclination angle of the tool represents how inclined the tool direction 
is toward the proceeding direction with respect to the direction 
specified by (I, J, K) at the time of machining on the plane produced 
by the tool direction specified by (I, J, K) and the proceeding direction 
on the programming coordinate system. (See the figure below.) 
Overviewly, the normal direction on the machining plane is specified 
by (I, J, K). If the tool direction needs to be inclined toward the 
proceeding direction with respect to the normal direction at the time of 
machining, perform compensation using Q. 
If the direction specified by (I, J, K) matches the direction in which 
the tool moves at the time of machining, commanding Q is 
unnecessary. 


Tool direction specified by (I, J, K) Tool direction at the time of machining 








Inclination angle of the tool 
A: 


Proceeding 
direction 








Example) 
To incline the tool by two degrees toward the proceeding 
direction at the time of machining, enter the following command: 


G43.51_ J_K_H_Q2.0 
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- When a coordinate system fixed on the table is used as the programming 


coordinate system 


The programming coordinate system is used for tool center point 
control. When the G43.4 or G43.5 command is specified with 
parameter WKP (No.19696#5) set to 0, the workpiece coordinate 
system that is fixed on the table at that point of time becomes the 
programming coordinate system. Thereafter, the programming 
coordinate system rotates as the table turns around. 

It does not rotate with the tool head. 

X, Y, and Z mentioned hereinafter are assumed to be commanded on 
the programming coordinate system. 

When the G43.4 or G43.5 command is specified or when the rotary 
axis of the table has moved in a block preceding G43.4 or G43.5, the 
angle of the table's rotary axis represents the initial state of the 
programming coordinate system. 

In the case of type 2, the tool direction seen from the coordinate 
system that is fixed on the table is specified by I, J, K. 

In the descriptions that follow, the table-fixed coordinate system is 
represented by X', Y', and Z’. 


C-axis reference position 


Pregramming coortigate system 
45 
woe 


coordinate 
system 


When G43.4 or G43.5 is Tool center point control 
specified with C = 0 in progress 
ne 
Workpiece 45 


coordinate 
system 


When G43.4 or G43.5_ is Tool center point control in 
specified with C = 45 degrees progress 


The C-axis reference position is the position where a movement is 
made on the C-axis so that a command value for the C-axis is at the 
scale position on the table. 

































Fig. 21.1 (f) Programming coordinate system fixed on the table 
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- When the workpiece coordinate system is used as the programming coordinate 
system 

When the G43.4 command is specified with parameter WKP 
(No.19696#5) set to 1, the workpiece coordinate system that is in use 
at that point of time becomes the programming coordinate system. 
In this case, the programming coordinate system does not rotate as the 
table turns around but remains fixed on the workpiece coordinate 
system. 
Hereinafter, when X, Y, and Z are commanded, the tool moves along 
a straight line toward the table (workpiece). For X, Y, Z, specify the 
end point location after the rotation of the table, as seen from the 
programming coordinate system. 
Type 2 cannot be used. Specifying G43.5 when parameter WKP 
(No.19696#5) set to 1 causes alarm PS5459. 
In the descriptions that follow, the coordinate values of the workpiece 
coordinate system used as the programming coordinate system are 
represented by X", Y", and Z". 





C-axis reference position 







y" 





Workpiece 
coordinate 
system 





coordinate 
system 


When G43.4 is specified with T ; F 
C= 45 degrees ool center point control in 
progress 


The C-axis reference position is the position where a movement is made on the 
C-axis so that a command value for the C-axis is at the scale position on the 
table. 


y" 90 
Workpiece i 45 
x" 














Fig. 21.1 (g) Programming coordinate system identical to the 
workpiece coordinate system 
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- Notes on performing circular interpolation and helical interpolation when using 
the workpiece coordinate system as the programming coordinate system 
e The start point, end point, and center of an arc change as the 
table rotation axis rotates. 
e I, J, K commands the vector of the block start point to the center 
of the arc from the start point in the rotary axis position. 
e = Note the following: 
<1> Only a table rotation axis normal to a selected plane can be 
rotated during circular interpolation. 
<2> During circular interpolation, those table rotation axes not 
normal to a selected plane must continue to be at the same 
position as when tool center point control is started. 
If <1> or <2> is not satisfied, the alarm PS5421 is issued. 
No restriction is imposed on rotation on a tool rotation axis. 


- Program examples 


e In the case of a mixed type machine 
Descriptions are based on the following machine configuration. 


Center of B-axis rotation 


Tool center point 


X-axis 


Workpiece 
coordinate system 


Z-axis 
Y-axi 


Center of C-axis rotation 
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When the G17 (X-Y plane) command is executed 

After the G43.4 command, the X-Y plane is selected using the G17 
command and circular interpolation is performed by rotating the 
C-axis (table rotation axis) (including those cases where the C-axis 
moves before the G43.4 command). > This case corresponds to <1> 
and allows circular interpolation. 

Example) 





(G01 C90. :) 
G43.4 H1; 
G17 G02 IPIR B10. C20. : 


IP: Coordinates of the end point 
IR: Arc radius 


When the G18 (Z-X plane) or G19 (Y-Z plane) command is executed 
After the G43.4 command, the Z-X plane is selected using the G18 
command and circular interpolation is performed without rotating the 
C-axis (including those cases where the C-axis moves before the 
G43.4 command). — This case corresponds to <2> and allows 
circular interpolation. 

The same is also true when the G19 command is used. 

Example) 





G43.4 H1: 
G18 G02 IP IR C20. - 


After the G43.4 command, the Z-X plane is selected using the G18 
command and the C-axis is rotated during circular interpolation. —> 
Alarm (violation of <2>) 

The same is also true when the G19 command is used. 

Example) 


G43.4 H1- 
G18 G02 IP IR C20. : 


After the G43.4 command, the Z-X plane is selected using the G18 
command and circular interpolation is performed after rotating the 
C-axis. — Alarm (violation of <2>) 

The same is also true when the G19 command is used. 

Example) 


G43.4H1- 


G01 C10. 
G18 G02 IP IR ; 


- 670 - 


B-63944EN/02 


PROGRAMMING _21.5-AXIS MACHINING FUNCTION 


e In the case of a table rotation type machine 
Descriptions are based on the following machine configuration. 
A table rotation type machine can be considered equivalent to a 


mixed type machine if any of its two table rotation axes does not 
move. 





Workpiece coordinate 
system 





When the G17 (X-Y plane) command is executed 

The master axis (A-axis) moves before the G43.4 command and, after 
the G43.4 command, circular interpolation is performed without 
rotating the A- or C-axis (including those cases where the C-axis 
moves before the G43.4 command). — This case corresponds to 
<2> and allows circular interpolation. 

Example) 





G01 A90. (C10.): 
G43.4 H1: 
G17 G02 IPIR: 
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The master axis (A-axis) moves before the G43.4 command and, after 
the G43.4 command, circular interpolation is performed using the G17 
(X-Y plane) command by rotating the C-axis, or the C-axis is rotated 
during circular interpolation. — Alarm (violation of <2>) 
Example) 


G01 A90.; 
G43.4 H1 ; 
G01 C10. ; 
G17 G02 IP IR; 


G01 A90.; 
G43.4 H1 ; 
G17 G02 IP IR C10.; 


After the G43.4 command, the A-axis is moved and circular 
interpolation is performed using the G17 command (X-Y plane). —> 
Alarm (violation of <2>) 

Example) 


G43.4 H1: 
G01 A10.: 
G17 G02 IP IR C10:: 


G19 (Y-Z plane) command is executed 

The G43.4 command is executed after moving the A-axis and circular 
interpolation is performed while rotating the A-axis using the G19 
(Y-Z plane) command. — _ This case corresponds to <1> and 
allows circular interpolation. 

Example) 


G01 A90. : 
G43.4 H1: 
G19 G02 IP IR A10. ; 


After the G43.4 command, the C-axis is rotated and circular 
interpolation is performed using the G19 (Y-Z plane) command. —> 
Alarm (violation of <2>) 

Example) 


G43.4 H1- 


G01 C10. ; 
G19 G02 IP IR ; 
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When the G18 (Z-X plane) command is executed 

The G43.4 command is executed after moving the A- and C-axes, and 
circular interpolation is performed using the G18 (Z-X plane) 
command without moving any rotary axis. — This case corresponds 
to <2> and allows circular interpolation. 

Example) 





G01 AQ0. C10. : 
G43.4 H1- 
G18 G02 IP IR: 


After the G43.4 command, circular interpolation is performed using 
the G18 command (Z-X plane) by moving any of the rotary axes. — 
Alarm (violation of <2>) 

Example) 


G43.4 H1: 
G01 A10. (C10.) 
G18 G02 IP IR: 


- Tool center point control command 


During tool center point control, the command specifies the location 
of each block end point as seen from the programming coordinate 
system. 

The program specifies the tool center point. 

As for the rotary axis, the command specifies the coordinate values of 
each block end point in the case of type 1 or the tool direction at each 
block end point in the case of type 2. 

The feedrate is specified by the tangential speed relative to the 
workpiece (the tool's relative speed as opposed to the workpiece), 
which is represented by F. 


- Commands that can be specified during tool center point control 


The commands that can be specified during tool center point control 
are linear interpolation (G01), positioning (G00), circular 
interpolation (G02, G03), and helical interpolation (G02, G03). 

When linear interpolation (G01) is specified during tool center point 
control, speed control is exerted so that the tool center point moves at 
the specified speed. 

The circular interpolation command (G02, G03) controls the 
tangential speed of the arc path along which the tool center point 
moves. 

The helical interpolation command (G02, G03) controls the tangential 
speed of the arc path along which the tool center point moves or a 
synthetic speed including that of the helical axis. (This is dependent 
on the setting of parameter HTG (No.1403#5).) 

As the actual speed, the speed at the control point is shown. 
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- Rotary axis command 





NOTE 
Tool center point control requires either the Al 
contour control | or Al contour control Il option. In 
addition, be sure to specify the following 
parameters: 
(1) Parameter LRP (No.1401#1)=1 : 
Linear rapid traverse 
(2) Parameter FRP (No.19501#5)=1 : 
Acceleration/deceleration before interpolation 
is used for rapid traverse. 
Parameter (No.1671) : 
Acceleration before interpolation for rapid 
traverse. 
Parameter (No.1672) : 
Change time for bell-shaped acceleration 
before interpolation for rapid traverse. 
Parameter (No.1660) : 
Maximum permissible acceleration for 
acceleration/deceleration before interpolation 
If they are not specified, alarm PS5420 is 
generated. 


If a command is specified during tool center point control that 
prohibits the tool center point from moving with respect to the 
workpiece, the maximum cutting speed (parameter No.1430) is 
assumed as the feedrate of the rotary axis when parameter RFC 
(No.19696#6) is 0, and the speed specified by F is assumed when 
parameter RFC (No.19696#6) is 1. 

The rotary axis command cannot be specified during tool center point 
control of type 2. Specifying the command with type 2 causes alarm 
PS5421. 


- The moving distance of the rotary axis is long compared to that of the linear axis 


If the moving distance of the rotary axis is long compared to that of 
the linear axis, the rotary axis moves faster so that the tool center 
point moves at the specified speed, possibly resulting in the tool 
center point traveling on an inadequate path. 

In such a case, it is possible to exert control to slow down the speed 
and ensure that the tool center point travels on the specified path, by 
setting parameter CRS (No.19746#6) to 1. When using this control, 
specify in parameter (No.19751) (for rapid traverse) and parameter 
(No.19752) (for cutting feed) the extent of deviation of the path at 
which the speed is to be slowed down (maximum allowable deviation 
of the path). When 0 is specified, the least input increment is 
regarded as the maximum allowable deviation of the path. 
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- Tool behavior at startup and cancellation 


When tool center point control is started (G43.4/G43.5) or canceled 
(G49), the tool moves by a tool offset value. 


Compensation vector calculation is performed only at the end of a 
block. 


- Current position display during tool center point control 


- Tool offset 


During tool center point control, the position of the control point 
(rotation center of the tool rotation axis) is displayed as the machine 
coordinate. 

When parameter WKP (No.19696#5) is 0, whether to use absolute or 
relative coordinates can be selected using parameter DET 
(No.19608#2). 

If parameter DET (No.19608#2) is 0, the position of the tool center 
point on the programming coordinate system is displayed. 

If parameter DET (No.19608#2) is 1, the position of the tool center 
point in the workpiece coordinate system is displayed. 


If tool offsets are used based on tool numbers, tool center point 
control is carried out using the tool length compensation value 
corresponding to the relevant tool number (T code). 

If tool life management is used, tool center point control is carried out 
using the tool length compensation value corresponding to the tool in 
use. 
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- Angle of the rotary axis for type 2 (when the movement range is not specified) 
When the direction of the tool is specified by I, J, K, Q for type 2, 
more than two pairs of "computed angles" of the rotary axes usually 
exist. 

The "computed angle" is the candidate angle at which the rotary axis 
is to be controlled in the specified tool axis direction. 

The "output angle" is determined from the "computed angle" based on 
the "output judgment conditions" described below. 


The following descriptions assume that there is no movement range 
specification (parameter No.19741 - No.19744 = 0). 


“Output judgment conditions" 


Tool rotation type or table rotation type machine 


<1> The "output angles" are represented by the computed rotary axis 
angle pair whose master axis (first rotary axis) moving angle is 
smaller. 


\ When the master axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) moving angle is 
smaller. 

1 


\ When the slave axis moving angle is the same 


The "output angles" are represented by the computed rotary axis 
angle pair whose master axis (first rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 

L 


\ When the master axis angle is equally near to 0 degree 
L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 


Mixed type machine 


<1> The "output angles" are represented by the computed rotary axis 

angle pair whose table (second rotary axis) moving angle is smaller. 
+ When the table moving angle is the same 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) moving angle is smaller. 
+ When the tool moving angle is the same 
The "output angles" are represented by the computed rotary axis 
angle pair whose table (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 

L 





+ When the table angle is equally near to 0 degree 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) angle is nearer to 0 degree 
(multiple of 360 degrees). 





- 676 - 


B-63944EN/02 


PROGRAMMING _21.5-AXIS MACHINING FUNCTION 


The process of judging whether the moving angle is smaller or larger 
as the output judgement condition is called "movement judgement." 
When parameter PRI (No.19608#5) is 1, the movement judgements 
for the first rotary axis and second rotary axis are made in reverse 
order. 


The "movement judgement" process is explained below. 

When the "computed angle" is within the range between 0 and 360 
degrees, it is called the "basic computed angle." 

Usually, two pairs of "basic computed angles" exist. 

For example, assume that a tool rotation type or table rotation type 
machine has rotary axis A (master) and rotary axis B (slave) and that 
there are two pairs of basic computed angles as follows: 

(A 61 degree; B 1 degree) 

(A 02 degrees; B 62 degrees) where 01 < 02. 

The "computed angle" is obtained from either of the following 
expressions: "basic computed angle" + 360 degrees x N or "basic 
computed angle" - 360 degrees x N. 

The current position of rotary axis A (master) is PA, and that of rotary 
axis B (slave) is 0 degree. 

Based on the PA angle, the "movement judgement" process is done as 
follows (when parameter PRI (No.19608#5) is 0). 





e Computed angle A 


62 - 360 x (N + 1) 61 - 360 x N|| 62-360 N 61 - 360 x (N - 1) 





-360 x (N + 1) degrees -360 x N degrees 


0 degree 360 degrees 


62 + 360 x (N-1)) | 61 + 360 x N| 62 + 360 x N pt +360 (N +1} 





360 x N degrees 360 x (N + 1) degrees 


"Movement judgment" 
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When the PA angle is (*1): 

The output angle is: (A 02 - 360 x (N+ 1) degrees; B 2 degrees). 
Namely, 02 - 360 x (N + 1) degrees is adopted that is nearer to the 
computed angle of A, and 2, which is the same group as Q2, is 
adopted as the computed angle of B. 


When the PA angle is (*2): 

The output angle is: (A 01 degrees; B 61 degrees). 

Namely, 01 degrees is adopted that is nearer to the computed angle of 
A, and $1, which is the same group as 01, is adopted as the computed 
angle of B. 


When the PA angle is (*3): 

The output angle is: (A 0+ 360 x N degrees; B 2 degrees). 
Namely, 02 + 360 x N degrees is adopted that is nearer to the 
computed angle of A, and 2, which is the same group as @2. is 
adopted as the computed angle of B. 


When the moving angle of rotary axis A (master) is the same, a 
"movement judgement" is made for rotary axis B (slave) according to 
the "output judgment conditions." 

If the "output angle" of rotary axis A is determined by the "movement 
judgement" for rotary axis A, the computed angle representing the 
"smaller moving angle" is adopted as the "output angle" of rotary axis 
B. 

Similarly, if the "output angle" of rotary axis B is determined by the 
"movement judgement" for rotary axis B, the computed angle 
representing the "smaller moving angle" is adopted as the "output 
angle" of rotary axis A. 
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The "output angle" is explained below using a tool rotation type 
machine as an example. 
This example illustrates a machine having a "BC type tool axis Z." 





C-axis: 1st rotation axis (master) 





B-axis: 2nd rotation axis 








Fig. 21.1 (h) BC type tool axis Z 


The following two pairs of "computed basic angles" exist that direct 
the tool axis toward the + X axis direction. 

(B 90 degrees; C 180 degrees) 

(B 270 degrees; C 0 degree) 


<1> When the current rotary axis angles are (B -70 degrees; C 30 
degrees) 
The "output angles" are (B -90 degrees; C 0 degree). 
0 degree is adopted because it is nearer to the current 
position (30 degrees) of the C-axis that is the master axis. 
For the B-axis, 270 degrees is adopted which is the same 
group. However, this is changed to -90 degrees (270 
degrees - 360 degrees) which is the nearest to the current 
position of the B-axis (-70 degrees). 
<2> When the current rotary axis angles are (B 80 degrees; C 500 
degrees) 
The "output angles" are (B 90 degrees; C 540 degrees). 
540 degrees (180 degrees + 360 degrees) is adopted because 
it is nearer to the current position (500 degrees) of the C-axis 
that is the master axis. For the B-axis, 90 degrees is 
adopted which is the same group. 
<3> When the current rotary axis angles are (B 60 degrees; C 90 
degrees) 
The "output angles" are (B 90 degrees; C 180 degrees). 
Since the two candidates are equally near to the current 
position (90 degrees) of the C-axis that is the master axis, a 
judgment is made based on the current position of the B-axis. 
90 degrees is adopted because it is nearer to the current 
position (60 degrees) of the B-axis that is the slave axis. 
For the C-axis, 180 degrees is adopted which is the same 


group. 
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<4> When the current rotary axis angles are (B 180 degrees; C 90 

degrees) 

The "output angles" are (B 270 degrees; C 0 degree). 
Since the two candidates are equally near to the current 
position (90 degrees) of the C-axis that is the master axis, a 
judgment is made based on the current position of the B-axis. 
In this case, however, the two candidates are also equally 
near to the current position of the B-axis (180 degrees). 
Therefore, the candidate is adopted in which the C-axis 
(master axis) is nearer to 0 degree. 
That is, the pair is adopted whose C axis angle is 0 degree 
and whose B axis angle is 270 degrees. 


When the slave axis angle is 0 degree, the direction of the tool axis 
becomes fixed regardless of the master axis angle. 
In that case, the master axis does not move from the current angle. 


An explanation is shown below using a machine having a "BC type 
tool axis Z" as an example. 








Fig. 21.1 (i) BC type tool axis Z 


When the current rotary axis angles are (B 45 degrees; C 90 degrees), 
the "output angles" are (B 0 degree; C 90 degrees). 
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- Angle of the rotary axis for type 2 (when the movement range is specified) 
If the upper and lower limits of the movement range of the rotary axis 
is specified using parameters No.19741 to No.19744, the rotary axis 
will move only within the specified range when the direction is 
specified using I, J, K, Q command for type 2 control. 


Although the procedure for determining the angles is the same as that 
used "when the movement range is not specified," the "output angles" 


need to be selected from those computed angles that are within the 
specified movement range for both axes. 


"Output judgment conditions" 


Tool rotation type or table rotation type machine 


<1> Of the angle pairs whose master and slave axis angles are both within 
the specified movement range, the rotary axis angle pair whose 
master axis (first rotary axis) moving angle is smaller represents the 
"output angles." 


+ When the master axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) moving angle is 
smaller. 


L 

\ When the slave axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose master axis (first rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 

L 


\ When the master axis angle is equally near to 0 degree 
L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 


Mixed type machine 


<1> Of the angle pairs whose master and slave axis angles are both within 
the specified movement range, the rotary axis angle pair whose table 
(second rotary axis) moving angle is smaller represents the "output 
angles." 
+ When the table moving angle is the same 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) moving angle is smaller. 
+ When the tool moving angle is the same 
The "output angles" are represented by the computed rotary axis 
angle pair whose table (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 
L 





\ When the table angle is equally near to 0 degree 

1 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) angle is nearer to 0 degree 
(multiple of 360 degrees). 
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When parameter PRI (No.19608#5) is 1, the movement judgements 
for the first rotary axis and second rotary axis are made in reverse 
order. 


/A\ CAUTION 

1 If the lower limit of the movement range is larger 
than the upper limit, alarm PS5459 occurs when 
G43.5 is specified. 
If no "computed angle" is found within the 
movement range because the range is too small, 
alarm PS5459 occurs. 
If 0 is set for both parameters that specify the 
upper and lower limits of the movement range, the 
tool operates assuming that there is no range 
specification. 
When the rotary axis rollover function or rotary axis 
control function is used (in which case, set 
parameter No.1260 (amount of movement per 
rotation of the rotary axis) to 360 degrees), the tool 
does not move beyond 0 degree (360 degrees) 
(does not take the shortcut) if the movement range 
is set between 0 and 360 degrees. Also, do not 
specify a negative value or a value larger than 360 
degrees for the movement range. 





An example of the "movement judgement" process is given below. 
Assume that a tool rotation type or table rotation type machine has 
rotary axis A (master) and rotary axis B (slave) and that there are two 
pairs of basic computed angles as follows: 

(A 61 degree; B 1 degree) 

(A 02 degrees; B 62 degrees) where 01 < 02. 

The "computed angle" is obtained from either of the following 
expressions: "basic computed angle" + 360 degrees x N or "basic 
computed angle" - 360 degrees x N. 

Assume that the current positions and movement ranges of rotary axis 
A (master) and rotary axis B (slave) are as shown in the following 
figure. 
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e Computed angle A 


loz + 360 (N-1) (N - 1) 01+ 360xN | 62+ 360xN lot + 360 (N+ 1), lot + 360 (N+ 1), 





360 x N degrees 360 x (N + 1) degrees 


Current position A 


+ 


Movement range A 





“Computed angle of rotary axis A and its current position and movement 
range" 


e Computed angle B 


61+ 360x (N-1) | |o2+360xN 61+ 360xN | 192 +360 x (N+ 1) 


360 x N degrees we x (N + 1) degrees 


Current position B 


<———_—_——__» 


Movement range B 





“Computed angle of rotary axis B and its current position and movement 
range" 


When the two axes have a positional relationship as shown in the 
figure, the output angle of rotary axis A is (02 + 360 x N) degrees and 
that of rotary axis B is (2 + 360 x N) degrees (when parameter PRI 
(No.19608#5) is set to 0). 

More concretely, from the computed angles obtained for rotary axis A, 
the nearest angle within the movement range, i.e. 02 + 360 x N 
degrees, is first adopted. Then, from the computed angles obtained 
for rotary axis B, the angle belonging to the same group as @2, i.e. 2 
+ 360 x N, is adopted. 


Note that, in this example, the output angles and moving direction 
differ depending on whether the movement range is specified or not (0 
to 360 degrees), even if N is set to 0 and coordinates are rounded to 0 
to 360 degrees. 

Namely, if the movement range is not specified, 01 + 360 degrees 
nearest to the current position is adopted as the computed angle for 
rotary axis A and, from the computed angles belonging to the same 
group as 91, o1 degrees nearest to the current position is adopted as 
the computed angle for rotary axis B. Rotary axis A moves in the 
plus direction. As its coordinate is rounded to 360 degrees, rotary 
axis A reaches 01 degrees while moving in the plus direction. 
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By contrast, when the movement range is set to 0 to 360 degrees, the 
output angles are (A 02 degrees; B $2 degrees). Neither rotary axis 
A nor B moves in a way that it exceeds 0 degree (360 degrees). 


Operation examples 


- In the case of a tool rotation type machine 
Explanations are given below assuming a machine configuration in 
which a tool rotation axis that turns around the Y-axis is located 
beneath another tool rotation axis that turns around the Z-axis. (See 


Fig. 21.1 (j).) 


If linear interpolation is specified for the X-, Y-, and Z-axes when a 
workpiece coordinate system is used as the programming coordinate 
system, control is exerted in such a way that the tool center point 
moves along a specified straight line with respect to the table 
(workpiece) as the tool rotates. 

Also, speed control is exerted so that the tool center point moves at the 
specified speed with respect to the table (workpiece). 


In the case of a machine having two tool rotation axes, the table does 
not rotate with respect to the workpiece coordinate system even if the 
rotary axes move. Therefore, the programming coordinate system 
always matches the workpiece coordinate system, regardless of 
whether parameter WKP (No.19696#5) is set to 0 or 1. 


Examples) 

For type 1: 
0100 (Sample Program’) ; 
N1 G00 G90 BO CO ; 





N2 G55 ; Prepares the programming coordinate 
system. 
N3 G43.4 H01 ; Starts tool center point control. 


H01 is the tool compensation number. 
N4 GOO X200.0 Y150.0 220.0 ; Moves to the start point. 
N5 G01 X5.0 Y5.0 Z5.0 C60.0 B45.0 F500 ; Linear interpolation 
N6 G49; Cancels tool center point control. 
N7 M30; 





For type 2: 
0100 (Sample Program’) ; 
N1 G00 G90 BO CO ; 
N2 G55 ; Prepares the programming coordinate system. 
N3 G43.4 H01 ; Starts tool center point control. 
H01 is the tool compensation number. 
N4 G00 X200.0 Y150.0 220.0 ; Moves to the start point. 
N5 G01 X5.0 Y5.0 25.0 11.0 J1.732 K2.0 F500 ; Linear interpolation 
N6 G49; Cancels tool center point control. 
N7 M30; 
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Control point path (of the machine 
coordinate system) 


Tool center point path (of the programming coordinate system) 








Fig. 21.1 (j) Example for a tool rotation type machine 
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- In the case of a table rotation type machine 
Explanations are given below assuming a machine configuration 
(trunnion) in which a rotation table that turns around the Y-axis is 
located above another table rotation axis that turns around the X-axis. 
(See Fig. 21.1 (k).) 


If linear interpolation is specified for the X-, Y-, and Z-axes on the 
programming coordinate system and if the rotary axis that moves the 
rotation table is specified (in the case of type 1) or the tool direction is 
specified (in the case of type 2), control is exerted in such a way that 
the tool center point moves along a specified straight line with respect 
to the table (workpiece) as the rotation table rotates. 

Also, speed control is exerted so that the tool center point moves at the 
specified speed with respect to the table (workpiece). 


Example) 

When type | is selected and the coordinate system fixed on the table is 
used as the programming coordinate system 

(Parameter WKP (No.19696#5) = 0): 





0200 (Sample Program2) ; 

N1 G00 G90 AO BO ; 

N2 G55 ; Prepares the programming coordinate 
system. 

N3 G43.4 H01 ; Starts tool center point control. 
H01 is the tool compensation number. 

N4 GOO X20.0 Y100.0 ZO ; Moves to the start point. 

N5 G01 X10.0 Y20.0 Z30.0 A60.0 B45.0 F500 ; Linear interpolation 

N6 G49; Cancels tool center point control. 

N7 M30; 











When type | is selected and the workpiece coordinate system is used 
as the programming coordinate system 
({[Parameter WKP (No.19696#5) = 1): 

0200 (Sample Program2) ; 

N1 G00 G90 AO BO ; 





N2 G55 ; Prepares the programming coordinate 
system. 
N3 G43.4 H01 ; Starts tool center point control. 
H01 is the tool compensation number. 
N4 GOO X20.0 Y100.0 ZO ; Moves to the start point. 


N5 G01 X7.574 Y47.247 Z83.052 A60.0 B45.0 F500 ; 

Linear interpolation 
N6 G49; Cancels tool center point control. 
N7 M30; 
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For type 2 (when the coordinate system fixed on the table is used as 
the programming coordinate system (only when parameter WKP 
(No.19696#5) is set to 0)): 

0200 (Sample Program2) ; 

N1 G00 G90 AO BO ; 





N2 G55 ; Prepares the programming coordinate 
system. 
N3 G43.5 HO1 ; Starts tool center point control. 
H01 is the tool compensation number. 
N4 GOO X20.0 Y100.0 ZO ; Moves to the start point. 


N5 GO1 X10.0 Y20.0 Z30.0 I-1.0 J2.449 K1.0 F500 ; 

Linear interpolation 
N6 G49; Cancels tool center point control. 
N7 M30; 
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Tool center point path taken when 
the programming coordinate 
system does not move 





x ae Control point path (of the machine 
i coordinate system) 
Tool center point path seen from the table-fixed coordinate system 


Fig. 21.1 (k) Example for a table rotation type machine 
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- In the case of a mixed type machine 
Explanations are given below assuming a mixed type machine 
configuration that has one table rotation axis (which turns around the 
X-axis) and one tool rotation axis (which turns around the Y-axis). 
(See Fig. 21.1 (1).) 


If linear interpolation is specified for the X-, Y-, and Z-axes on the 
programming coordinate system and if the rotary axis that moves the 
rotation table and the tool rotation axis are specified (in the case of 
type 1) or the tool direction is specified (in the case of type 2), control 
is exerted in such a way that the tool center point moves along a 
specified straight line with respect to the table (workpiece) as the 
rotation table and tool rotate. 

Also, speed control is exerted so that the tool center point moves at the 
specified speed with respect to the table (workpiece). 


Example) 
When type | is selected and the coordinate system fixed on the table is 
used as the programming coordinate system 
(Parameter WKP (No.19696#5) = 0): 
0300 (Sample Programs3) ; 
N1 G00 G90 AO BO ; 





N2 G55 ; Prepares the programming coordinate 
system. 
N3 G43.4 H01 ; Starts tool center point control. 


H01 is the tool compensation number. 
N4 G00 X200.0 Y150.0 Z20.0; Moves to the start point. 
N5 G01 X5.0 Y5.0 Z5.0 A60.0 B45.0 F500; 
Linear interpolation 
N6 G49 ; Cancels tool center point control. 
N7 M30; 











When type | is selected and the workpiece coordinate system is used 
as the programming coordinate system 
(Parameter WKP (No.19696#5) = 1): 

0300 (Sample Programs3) ; 

N1 G00 G90 AO BO ; 





N2 G55 ; Prepares the programming coordinate 
system. 
N3 G43.4 H01 ; Starts tool center point control. 


H01 is the tool compensation number. 
N4 G00 X200.0 Y150.0 220.0 ; Moves to the start point. 
N5 G01 X5.0 Y48.170 Z-79.772 A60.0 B45.0 F500; 
Linear interpolation 
N6 G49 ; Cancels tool center point control. 
N7 M30; 
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For type 2 (when the coordinate system fixed on the table is used as 
the programming coordinate system (only when parameter WKP 
(No.19696#5) is set to 0)): 

0300 (Sample Programs3) ; 

N1 G00 G90 AO BO ; 





N2 G55 ; Prepares the programming coordinate 
system. 
N3 G43.5 H01 ; Starts tool center point control. 


H01 is the tool compensation number. 
N4 G00 X200.0 Y150.0 220.0 ; Moves to the start point. 
N5 G01 X5.0 Y5.0 25.0 12.0 J1.732 K1.0 F500; 
Linear interpolation 
N6 G49 ; Cancels tool center point control. 
N7 M30; 
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ee "ae 


Tool center point path taken when 
the programming coordinate 
system does not move 








Fig. 21.1 (Il) Example for a mixed type machine 
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- When linear interpolation is performed during tool center point control 
Examples are given below in which each 100-mm-long side of an 
equilateral triangle is cut at B-axis angles of 0, 30 to 60, and 60 
degrees, respectively. 


Example) 

When type | is selected and the table-fixed coordinate system is used 

as the programming coordinate system: 

0400 (Sample Program4) ; 

N10 G55 ; Prepares the programming 
coordinate system. 

N20 G90 X50.0 Y-70.0 Z300.0 BO CO; Moves to the initial position. 





N30 G01 G43.4 HO1 Z20.0 F500. ; Starts tool center point control. 
Moves to the approaching 
position. 

H01 is the tool compensation 
number. 

N40 X28.868 Y-50.0 Z10.0 B30.0 ; The Z-axis height on the 
machining plane is 10.0. 

N50 Y50.0 ; 

N60 B45.0 C120.0 ; 

N70 X-57.735 YO B60.0 C180.0 ; Moves X and Y while operating 
both B- and C-axes. 

N80 C240.0 ; 


N90 X28.868 Y-50.0 ; 

N100 X50.0 Y-70.0 Z20.0 BO C360.0 ; X, Y, and Z are approaching 
positions. 
The rotary axes remain at their 
original positions. 








N110 G49 Z300.0 ; Cancels tool center point 
control. 
Moves the Z-axis to its initial 
position. 

N120 M30; 
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When type | is selected and the workpiece coordinate system is used 


as the programming coordinate system 


(Note that the values of N60 to N90 are different from those specified 


in the preceding example.): 





0400 (Sample Program4) ; 
N10 G55 ; 


N20 G90 X50.0 Y-70.0 Z300.0 BO CO ; 
N30 G01 G43.4 HO1 220.0 F500. ; 


N40 X28.868 Y-50.0 210.0 B30.0 ; 


N50 Y50.0 ; 
N60 Y-50.0 B45.0 C120.0 ; 
N70 X57.735 YO B60.0 C180.0 ; 


N80 X28.868 Y-50.0 C240.0 ; 


N90 Y50.0 ; 
N100 X50.0 Y-70.0 220.0 BO C360.0 ; 


N110 G49 2300.0 ; 





N120 M30; 


Prepares the programming 
coordinate system. 

Moves to the initial position. 
Starts tool center point control. 
Moves to the approaching 
position. 

H01 is the tool compensation 
number. 

The Z-axis height on the 
machining plane is 10.0. 


Moves X and Y while operating 
both B- and C-axes. 


X, Y, and Z are approaching 
positions. 

The rotary axes remain at their 
original positions. 

Cancels tool center point 
control. 

Moves the Z-axis to its initial 
position. 
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When type 2 is selected and the table-fixed coordinate system is used 

as the programming coordinate system: 

0400 (Sample Program4) ; 

N10 G55 ; Prepares the programming 
coordinate system. 

N20 G90 X50.0 Y-70.0 Z300.0 BO CO; Moves to the initial position. 

N30 G01 G43.5 HO1 Z20.0 F500. ; Starts tool center point control. 
Moves to the approaching 
position. 
H01 is the tool compensation 
number. 

N40 X28.868 Y-50.0 Z10.0 11.0 K1.732 ; The Z-axis height on the 
machining plane is 10.0. 





N50 Y50.0 ; 
N60 I-0.5 JO.866 K1.0 ; 
N70 X-57.735 YO I-1.732 K1.0 ; Moves X and Y while operating 


both B- and C-axes. 

N80 I-0.866 J1.5 K1.0 ; 

N90 X28.868 Y-50.0 ; 

N100 X50.0 Y-70.0 Z20.0 K1.0 ; X, Y, and Z are approaching 
positions. 
The rotary axes remain at their 
original positions. 








N110 G49 Z300.0 ; Cancels tool center point 
control. 
Moves the Z-axis to its initial 
position. 

N120 M30; 





e Mixed type machine (tool rotation axis = B-axis; table rotation axis 
= C-axis; tool axis = Z direction) 


Center of the B-axis 
rotation 


Center of the 


Z C-axis rotation 





G55 workpiece coordinate system 








Machine configuration for the example 
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The following figure illustrates the position of the workpiece, as well 
as the position of the tool head (relative to the workpiece), as seen 
from the table-fixed programming coordinate system in the +Z 
direction. 


e Behavior as seen from the table-fixed programming coordinate system 


(X 28.868, Y -50.0) 
(X 28.868, Y 50.0) 


(X -57.735, Y 0) 


Illustration of the example (1) 
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e Detailed diagram of each block 


Behavior of the control point 
(machine coordinate value) 


(B 30.0) 






Behavior of the tool 
center point 


C-axis rotates, with C (B 45.0) B-axis rotates, with 
being 120 degrees. a ™~, B being 45 degrees. 





N60 block 








C-axis rotates, with C 
being 180 degress. 


N70 block 











Detailed diagram of each block (1) 
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C-axis rotates, with C (B 60.0) 
being 240 degrees. ia 









N80 block 


N90 block 





(C-axis rotates, with C being 
360 degrees.) 


N100 block 








Detailed diagram of each block (2) 
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- When circular interpolation is performed during tool center point control 
In this example, one of the three sides of an equilateral triangle, each 
being 100 mm long side, is specified as a straight line and the other 
two are specified as arcs, and each side is cut at B-axis angles of -60, 
-45 to -30, and -30 degrees, respectively. (For the X-axis, its radius 
is specified.) 
Example) 
The program sample given below assumes that the table-fixed 
coordinate system is used as the programming coordinate system. 
When the workpiece coordinate system is used as the programming 
coordinate system (when parameter No.19696#5 (WKP) is set to 1), 
the same shape can be obtained by specifying the values shown in 





parentheses. 
NOO1 TOOOO ; Cancels the tool offset. 
N0O02 G54 ; Selects the workpiece coordinate system. 


N003 G90 X50.0 Y-70.0 Z300.0 B-90.0 C0.0; Moves to the initial position. 
The tool tip faces the Z- direction at B-axis 
angle of -90 degrees. 


N020 G01 G43.4 H01 Starts tool center point control. 

NO21 220.0 ; Moves to the approaching position. 

N022 X28.868 Y-50.0 Z10.0 B-60.0 ; The Z-axis height on the machining 
plane is 10.0. 

NO31 Y50.0 ; 


NO032 B-45.0 C90.0 ; 

(NO32 X50.0 Y-28.868 B-45.0 C90.0 ;) 

N033 G17 G03 X-57.735 Y0.0 J-100.0 B-30.0 C150.0 ; 
Moves X and Y while operating both B- 
and C-axes. 

(N033 G17 G03 X50.0 Y28.868 I-100.0 B-30.0 C150.0 ;) 

N034 G01 B-30.0 C210.0 ; 

(NO034 G01 X50.0 Y-28.867 B-30.0 C210.0 ;) 

N035 G03 X28.868 Y-50.0 186.603 J50.0 C270.0 ; 

(NO35 GO3 X50.0 Y28.868 I-100.0 C270.0 ;) 

N041 G01 X50.0 Y-70.0 Z20.0 B-90.0 C360.0 ; 
X, Y, and Z are approaching positions. 
The rotary axes remain at their original 








positions. 
N050 G49 Cancels tool center point control. 
NO51 Z300.0 ; Moves the Z-axis to its initial position. 
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Center of the B-axis 
rotation 


4 workpiece Tool center 
dinate system point 


axis rotation 


X-axis 
Center of the C- t 





Machine configuration for the circular interpolation example 


The following figure illustrates the relative positional relationship 
between the workpiece and the tool head and their positions, as seen 
from the +Z direction. The X and Y coordinate values shown in the 
figure are those on the table-fixed programming coordinate system 
(which rotates as the C-axis turns). 


e Behavior as seen from the table-fixed programming coordinate system 


(X 50.0, Y -70.0, Z 300.0, B -90.0) 





(B -30.0) 
(C 270.0) 


(X -57.735, Y 0.0) 





Illustration of the example 
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Behavior of the control point (machine B -90 
coordinate system) 


[Up to NO31] 









[NO32] 





B -60 
XK Behavior of the tool 
center point 


Head path relative 
to the workpiece 


Head path relative to 


x . 
—— the workpiece 






Head path 
relative to the 


Apparent head path workpiece 





Detailed diagram of each block 
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In tool center point control mode, do not perform manual intervention. 
Otherwise, an alarm is generated. 


- Hypothetical axis of a table rotation axis 


- Deceleration at a corner 


When a table rotation axis is set as a hypothetical axis, tool center 
point control is performed on the assumption that the table rotation 
axis is at 0 degrees. 


During tool center point control, the control point may move on a 
curved line even if a straight line is specified. Some commands may 
cause the tool center point to make a sharp turn. 

For this reason, the tool may be decelerated if a small value is set as 
the permissible speed difference (parameter No. 1783) or the 
permissible acceleration (parameter No. 1660 or 1737) for a corner. 


- Look-ahead pre-interpolation acceleration/deceleration 


When using tool center point control, use look-ahead 
acceleration/deceleration before interpolation at the same time. If 
look-ahead acceleration/deceleration before interpolation is not used, 
alarm PS5420 is issued. 

For details, see "NOTE" in "Commands that can be specified during 
tool center point control" in "Explanation." 


Central path of the 
tool center point 





In the above example, the feedrate is controlled so that the tool center 
point moves at a specified feedrate, so the feedrate on the interpolation 
path is equal to or higher than the specified feedrate. At this time, 
look-ahead acceleration/deceleration before interpolation allows the 
feedrate to be clamped so that the feedrate on the interpolation path 
does not exceed the maximum cutting feedrate or maximum rapid 
traverse rate. 
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- Cutter compensation for 5-axis machining 


- Parallel axis control 


When tool center point control is exercised together with cutter 
compensation for 5-axis machining on a machine of mixed type or 
table rotation type, specify a value in the workpiece coordinate system 
by setting the parameter WKP (No. 19696) to 1. 

In that case, when specifying cutter compensation for 5-axis 
machining before tool center point control, specify the cancellation of 
cutter compensation for 5-axis machining after canceling tool center 
point control (example 1). When specifying tool center point control 
before cutter compensation for 5-axis machining, specify the 
cancellation of tool center point control after canceling 
three-dimensional cutter compensation (example 2). 

















Example 1 Example 2 
G41.2 D1 G43.4  H1 
G43.4 H1 ae D1 
G49 G40 
G40 a 





When specifying cutter compensation for 5-axis machining first, the 
block for canceling tool center point control controls buffering. Note 
that, in a block preceding the G49 block, the compensation vector for 
cutter compensation for 5-axis machining is directed toward the 
vertical direction of movement. 


When exerting tool center point control together with parallel axis 
control, make sure that the master and slave axes are properly aligned 
and keep the parking signal off. 


- Programmable mirror image 


Note the following points when making a programmable mirror 

image: 

e In the case of tool center point control of type 1 
Mirroring the linear axis alone does not create a mirror image for 
the rotary axis. To make the direction of the tool symmetrical, it 
is necessary to make a mirror image for the rotary axis as well. 

e In the case of tool center point control of type 2 
When parameter MIR (No.19608#6) is set to 0, mirroring the linear 
axis alone does not create a mirror image for I, J, K. Note that the 
inclination direction specified by Q is the movement direction of 
the tool center point after mirroring. 
When parameter MIR (No.19608#6) is set to 1, mirroring the linear 
axis automatically creates a mirror image for I, J, K. 
A mirror image cannot be put on the rotary axis directly. 
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The G codes that can be specified in the tool center point control 

mode are listed below. 

Specifying a G code other than these codes results in alarm PS5421. 

- Positioning (G00) 

- Linear interpolation (G01) 

- Circular interpolation / helical interpolation (G02/G03) 

- Dwell (G04) 

- Exact stop (G09) 

- Programmable data input (G10) 

- Programmable data input mode cancel (G11) 

- Plane selection (G17/G18/G19) 

- Stored stroke check function (G22/G23) 

- Cutter or tool nose radius compensation : preserve vector (G38) 

- Cutter or tool nose radius compensation : comer circular 
interpolation (G39) 

- Cutter compensation : cancel (G40) 

- Cutter or tool nose radius compensation / 
Three-dimensional cutter compensation (G41/G42) 

- Cutter compensation for 5-axis machining 
(G41.2/G42.2/G41.4/G42.4/G41.5/G42.5) 

- Tool length compensation cancel (G49) 

- Scaling (G50/G51) 

- Programmable mirror image (G50.1/G51.1) 

- Exact stop mode (G61) 

- Automatic corner override mode (G62) 

- Tapping mode (G63) 

- Cutting mode(G64) 

- Macro call (G65) 

- | Macro modal call A (G66) 

- Macro modal call B (G66.1) 

- Macro modal call A/B cancel (G67) 

- Figure copy (G72.1/G72.2) 

- Absolute programming (G90) 

- Incremental programming (G91) 


- Tool offset increase (G45) 
- Tool offset decrease (G46) 
- Tool offset double increase (G47) 
- Tool offset double decrease (G48) 
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- Modal G codes that allow specification of tool center point control 


Tool center point control can be specified in the modal G code states 
listed below. 

In a modal state other than the following modal G codes, specifying 
tool center point control results in alarm PS5421: 


Modal G codes included in "Specifiable G codes" described 
previously 

Polar coordinate interpolation mode cancel (G13.1) 
Polar coordinates command cancel (G15) 

Input in inch (G20 (G70)) 

Input in mm (G21 (G71)) 

Polygon turning cancel (G50.2) 

Workpiece coordinate system | selection (G54 to G59) 
Canned cycle cancel (G80) 

Constant surface speed control cancel (G97) 

Canned cycle : return to initial level (G98) 

Canned cycle : return to R point level (G99) 


Coordinate system rotation start or 3-dimensional coordinate 
conversion mode on (G69) 

Feed per minute (G94) 

Polar coordinate interpolation mode cancel (G1 13) 


Mirror image for double turret off/balanced cutting mode cancel 
(G69) 

Coordinate system rotation cancel or 3-dimensional coordinate 
conversion mode off (G69.1) 

Feed per minute (G98 (G94)) 


- Specification of axes not relating to tool center point control 


Axes not relating to tool center point control cannot be specified. If 
such an axis is specified, alarm PS5421 is issued. 


- Linear axes under tool center point control 


The basic three axes set in parameter No. 1022 are regarded as the 
three linear axes for tool center point control. Axes parallel to the 
basic three axes cannot be used as the linear axes for tool center point 
control. 

If the basic three axes are not set in parameter No. 1022, alarm 
PS5459 is issued. 
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21.2 


Overview 


TILTED WORKING PLANE COMMAND 


Programming for creating holes, pockets, and other figures in a datum 
plane tilted with respect to the workpiece would be easy if commands 
can be specified in a coordinate system fixed to this plane (called a 
feature coordinate system). This function enables commands to be 
specified in the feature coordinate system. The feature coordinate 
system is defined in the workpiece coordinate system. 

For explanations about the relationship between the feature coordinate 
system and workpiece coordinate system, see Fig. 21.2 (a). 


Feature coordinate 
Workpiece system 
coordinate system (G68.2) 
(G54) 


Machine coordinate system 





Fig. 21.2 (a) Feature coordinate system 


The G68.2 command causes the programming coordinate system to 
switch to the feature coordinate system. The commands in all 
subsequent blocks are assumed to be specified in the feature 
coordinate system until G69 appears. 

If G68.2 specifies the relationship between the feature coordinate 
system and the workpiece coordinate system, G53.1 automatically 
specifies the +Z direction of the feature coordinate system as the tool 
axis direction even if no angle is specified for the rotary axis. (See 
Fig. 21.2 (c).) 

For explanations about the tool axis direction, see Fig. 21.2 (b). 
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The tool axis direction is the 
+Z-axis direction. 


The tool axis direction is the 
+Y-axis direction. 


The tool axis direction is the +X-axis direction. 


Fig. 21.2 (b) Tool axis direction 
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This function regards the direction normal to the machining plane as 
the +Z-axis direction of the feature coordinate system. After the 
G53.1 command, the tool is controlled so that it remains perpendicular 
to the machining plane. 


e Only G68.2 is specified 


Zc 


Yc 


Xc 


Feature coordinate 






system 
Coordinate system Xc-Ye-Ze 
origin shift 
(x0, yo,ZO) 


Workpiece 
coordinate system 
X-Y-Z x 


e G53.1 is specified after G68.2 


G53.1 automatically controls 
the rotary axis. 





Control point shift (by 
another command) 





Xc 











Feature coordinate 
system 
Xc-Yc-Zc 

Coordinate system 
origin shift 
(xo,yo,ZO) 
Workpiece 
coordinate system 
X-Y-Z x 








Fig. 21.2 (c) G68.2 and G53.1 commands 
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This function is applicable to the following machine configurations. 

(See Fig. 21.2 (d).) 

<1> Tool rotation type machine controlled with two tool rotation 
axes 

<2> Table rotation type machine controlled with two table rotation 
axes 

<3> Mixed-type machine controlled with one tool rotation axis and 
one rotary axis 


The function can also be used for a machine configuration in which 
the rotary axis for controlling the tool does not intersect the rotary axis 
for controlling the table. 


<1> Tool rotation 
type machine 


<2> Table \ 


machine 







<3> Mixed-type machine 








Fig. 21.2 (d) Three types of 5-axis machine 
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Format 
- Feature coordinate system setting (G68.2) 





G68.2 X xo Y yo Z z0 Ia Jp K, ; 
Feature coordinate system setting 
G69; Cancels the feature coordinate system setting. 


X, Y, Z: Feature coordinate system origin 
I, J, K : Euler's angle for determining the orientation of the 
feature coordinate system 

















G68.2 X xo Y yo Z zo Ia Jp K, ; 
Feature coordinate system setting 
G69.1 ; Cancels the feature coordinate system setting. 


X, Y, Z: Feature coordinate system origin 
I, J, K : Euler's angle for determining the orientation of the 
feature coordinate system 





- Tool axis direction control (G53.1) 
G53.1; Controls the tool axis direction. 














/\ CAUTION 

1 G53.1 must be specified in a block after the block 
that contains G68.2. 
An alarm occurs if G53.1 is specified without G68.2 
being specified in a preceding block. 


G53.1 must be specified in a block in which there is 
no other command. 

The rotary axis moves at the maximum rapid 
traverse federate in the case of rapid traverse and 
at the specified federate in the case of cutting feed. 





Explanation 
- Coordinate conversion using an Euler's angle 

Coordinate conversion by rotation is assumed to be performed around 
the workpiece coordinate system origin. 

Let the coordinate system obtained by rotating the workpiece 
coordinate system around the Z-axis by an angle of a degrees be 
coordinate system 1. Similarly, let the coordinate system obtained 
by rotating coordinate system | around the X-axis by an angle of B be 
coordinate system 2. The feature coordinate system is the coordinate 
system obtained by shifting the coordinate system that is obtained by 
rotating coordinate system 2 around the Z-axis through an angle of y 
degrees from the workpiece coordinate system origin by (Xo, Yo, Zo). 
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Fig. 21.2 (e) shows the relationship between the workpiece coordinate 
system and the feature coordinate system. 
The figure also gives examples of displacement on the X-Y plane. 


Conversion from workpiece 
coordinate system X-Y-Z to 
coordinate system 1 X'-Y'-Z 


Conversion from coordinate 
system 1 X'-Y'-Z to 
coordinate system 2 X'-Y"-Z" 


Conversion from coordinate system 2 X'-Y"-Z" 
to feature coordinate system Xc-Yc-Zc 





Fig. 21.2 (e) Coordinate conversion using an Euler's angle 


- Tool rotation type machine 
The following paragraphs describe several cases of the tool rotation 
type machine operation. 
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Operation description 1: When G43 (tool length compensation) is specified for a 
machine with its axes crossing one another 


The G53.1 command, when specified after the G68.2 command, 
automatically controls the rotary axis in such a way that the tool axis 
will be oriented in the +Z direction of the feature coordinate system. 


Example) 

0100 (Sample Program’) ; 

N1 G55 ; 

N2 G90 G01 X0 YO Z30.0 F1000 ; 

N3 G68.2 X100.0 Y100.0 250.0 130.0 J15.0 K20.0 ; 
N4 G01 X0 YO Z30.0 F1000 ; 

N5 G53.1 ; 

N6 G43 HO1 XO YO ZO ; 

N7 ... 


In this example, the "BC type tool axis Z-axis" is used as the machine 
configuration. 


In addition, the tool axis, tool rotation axis B, and tool rotation axis C 
cross one another. 


BC type tool axis Z-axis C : First rotation axis (master) 
(with the axes crossing 


one another) 
[_! 


B : Second rotation axis (slave) 


Tool holder offset value = ©) Control 

Parameter No.19666 point 

Tool length offset = H01 4 Tool center 
point 





Block N3: Defines a feature coordinate system in the workpiece 
coordinate system. 

Block N4: Shifts the control point to point Z30.0 in the feature 
coordinate system. 

Block N5: Exerts automatic control over the rotary axes. 

Block N6: Performs tool length compensation in the feature 
coordinate system. 
The tool center point is shifted to the origin of the feature 
coordinate system. 
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Fig. 21.2 (f) shows the behavior of the machine when it runs sample 
program 1. 


e Sample program 1 (with axes crossing one another) 


N3 command 


Zc Yc 
\/s- . 


Feature coordinate 
system 


N4 command PEVELS 


Workpiece 
coordinate 
system 


Zc 
X-Y-Z 
Yc 
Xc 


N5 command 


Zc 
Yc 
Xc 


N6 command 


Zc 
Yc 
Xc 


Fig. 21.2 (f) Tool axis direction control 1 
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Operation description 2: When G43 (tool length compensation) is specified for a 
machine with no axis crossing 
Here is the case where no axis of the machine crosses any other axis. 
It is assumed that sample program 1 is used. 


In this example, the "BC type tool axis Z-axis" is used as the machine 
configuration. 

It is assumed, however, that the tool axis does not cross the B-axis 
while the B-axis and C-axis cross each other. 


e BC type tool axis Z-axis C: First rotation axis (master) 


(no axis crossing) : 


Ss 





| 


Intersection offset vector 
between tool axis and B- 


axis = Parameters be 
No.19709 - No.19711 “he 





B: Second rotation axis (slave) 








Parameter No.19666 


Tool holder offset value = | Pee, 





Tool length offset=HO1 _—_b........ 
Tool center 





Block N4: Shifts the control point to point Z30.0 in the feature 
coordinate system. 

Block N5: Exerts automatic control over the rotary axes. 

Block N6: An intersection offset vector between the tool axis and 
the B-axis with automatic control for rotary axes taken 
into consideration is output in the feature coordinate 
system. 

Performs tool length compensation in the feature 
coordinate system. 
The tool center point is shifted to the origin of the feature 
coordinate system. 


This is also true when the B-axis does not cross the C-axis. 

For explanations about the offset to be applied when the B-axis does 
not cross the C-axis, see the descriptions about parameters No.19712, 
No.19713, and No.19714. 


Fig. 21.2 (g) shows the behavior of the machine when it runs sample 
program 1. 
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e Sample program 1 (no axis crossing) 


- [ns commana | 


Zc Ye 
Control 
int 
poin Xc 


Feature coordinate 


Workp' 
coordinate system | commane | 
X-Y-Z X 


Zc 
Yc 
Xc 


Zc 






system 
Xc-Yc-Zc 








An intersection offset vector 


between the tool axis and the B- 
axis with automatic control for N6 command 
rotation axes taken into 


consideration is output in the 
feature coordinate system. Tool 
length compensation is also 
performed. 










The tool center point is controlled 


so that it returns to the Xc-Yc-Zc 
origin. 








Fig. 21.2 (g) Tool axis direction control 2 
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Operation description 3: When no G43 (tool length compensation) command is 
specified or if no G53.1 (tool axis direction control) 
command is specified 


Sample program 2 of 0200 is equivalent to sample program 1 except 
that sample program 2 has no tool length compensation command 
(G43). 

Example) 

0200 (Sample Program2) ; 

N1 G55 ; 

N2 G90 G01 XO YO 230.0 F1000 ; 

N3 G68.2 X100.0 Y100.0 250.0 130.0 J15.0 K20.0 ; 

N4 G01 X0 YO ZO F1000 ; 

N5 G53.1 ; 

N6 ...; 


In this example, the "BC type tool axis Z-axis" is used as the machine 
configuration. 

The case in which the axes cross one another and the case in which no 
axis crosses any other axis are described. 

Fig. 21.2 (h) shows the behavior of the machine when it runs sample 
program 2. 


Sample program 3 of 0300 is equivalent to sample program 1 except 
that sample program 3 has no tool axis direction control command 
(G53.1). 

Example) 

0300 (Sample Program3) ; 

N1 G55 ; 

N2 G90 G01 XO YO 230.0 F1000 ; 

N3 G68.2 X100.0 Y100.0 250.0 130.0 J15.0 K20.0 ; 

N4 G01 X0 YO ZO F1000 ; 

N5 G43 HO1 ; 

N6...; 


In this example, the "BC type tool axis Z-axis" is used as the machine 
configuration. 

The case in which the axes cross one another and the case in which no 
axis crosses any other axis are described. 

Tool length compensation is applied in the +Z-axis direction of the 
feature coordinate system. 

Fig. 21.2 (i) shows the behavior of the machine when it runs sample 
program 3. 
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e Sample program 2 (with axes crossing one another) 


Zc Yc 


Feature coordinate 
system 
Workpiece Xc-Yc-Zc 
coordinate system x 


X-Y-Z 
N4 command 


Zc Yc 


e Sample program 2 (no axis crossing) 


Zc Yc 


Feature coordinate 


; system 
Workpiece Xc-Yce-Zc 


coordinate system 


X-Y-Z 
Zc Yc 





Fig. 21.2 (h) When the tool length compensation command is not 
specified 
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e Sample program 3 (with axes crossing one another) 


rl 
Zc Yc 
Control 
point 


Y 





Xc 









Feature coordinate 


system 
Xc-Yc-Zc 
Workpiece 
coordinate system Xx 
X-Y-Z N4 command 
Zc Yc 
Xc 


e Sample program 3 (no axis crossing) 


. 
Zc Yc 
Control 
point 
Y 


Xc 





Feature coordinate 








system 
Xc-Yc-Zc 
Workpiece . 
coordinate system 
X-Y-Z a 
Zc Yc 
Xc 








Fig. 21.2 (i) When the tool axis direction control command is not 
specified 
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- Mixed-type machine 
Basic operation 


This function is also available for a mixed-type machine in which the 
tool head rotates on the tool rotation axis and the table rotates on the 
table rotation axis. 

The feature coordinate system Xc-Yc-Zc is set in the workpiece 
coordinate system based on the coordinate system origin shift (xo, yo, 
zo) and the Euler's angle. 

Given the A-axis and B-axis shown in Fig. 21.2 (j), control is 
performed in such a way that the A-axis rotates until Zc comes in the 
X-Z plane and the B-axis is controlled so that the tool axis is oriented 
toward the +Z-axis direction of the feature coordinate system. 


e Tool axis direction control for a mixed-type machine 








Fig. 21.2 (j) Mixed-type machine 
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- Feature coordinate system with the table rotated by G53.1 (tool axis direction 


control) 


The mixed-type machine shown in Fig. 21.2 (j) is explained as an 
example. 

If the table rotates by the tool axis direction control command (GS53.1), 
the feature coordinate system (called the first feature coordinate 
system), which is set in the workpiece coordinate system by the 
feature coordinate system set command (G68.2), rotates as much as 
the table rotates. 

The feature coordinate system that has rotated is called the second 
feature coordinate system. 

Once G53.1 is specified, the subsequent machining commands are 
assumed to be specified in the second feature coordinate system. 
(See Fig. 21.2 (k).) 

In the mixed-type machine, the specified feature coordinate system 
(the first feature coordinate system) may differ from the feature 
coordinate system to be used for machining (the second feature 
coordinate system). 










e G53.1 command 


Second feature coordinate 
system 
Xc'-Yc'-Zc' 


G01 Y10.0 F1000 
command after G53.1 


Second feature coordinate 
system 
Xc'-Yc'-Zc' 


Z 








Fig. 21.2 (k) Resetting of the feature coordinate system 
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- Rotation direction of the table rotation axis 
The mixed-type machine shown in Fig. 21.2 (j) is explained as an 
example. 
Set parameter No.19684 to 1 if the rotation direction of the rotation 
table corresponding to the positive-direction move command is 
clockwise when viewed from the positive direction of the rotation 
center axis on which the table rotation axis rotates. If the rotation 
direction is counterclockwise, set parameter No.19684 to 0. 
Let's take sample program 4 of O400 as an example, where the 
movement of the table is specified by G53.1. 
If parameter No.19684 is set to 1, control is performed in such a way 
that the table is rotated to A-45.0. 
If parameter No.19684 is set to 0, control is performed in such a way 
that the table is rotated to A45.0. 
Example) 
0400 (Sample Program4) ; 
N1 G68.2 X100.0 Y100.0 ZO 1180.0 J45.0 KO ; 
N2 G53.1 ; 
N3 ... 5 









Positive rotation direction when 


parameter No.19684 = 0 





Zc 
CCW 
Rotation to A-45.0 
Zc 


CCW 


an? 


Rotation to A45.0 


Fig. 21.2 (|) Rotation direction of the table rotation axis 
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- Table rotation type machine 


Basic operation 


This function is also usable for a table rotation type machine with two 
table rotation axes. 

The feature coordinate system Xc-Yc-Zc is set in the workpiece 
coordinate system based on the coordinate system origin shift (xo, yo, 
zo) and the Euler's angle. 

Given the A-axis and C-axis shown in Fig. 21.2 (m), the A-axis and 
C-axis rotate until Zc comes in the X-Z plane and the tool axis is 
directed toward the +Z-axis direction of the feature coordinate system. 


e Tool axis direction control for a table rotation type machine 


Zc 











Fig. 21.2(m) Table rotation type machine 
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- Feature coordinate system with the table rotated by G53.1 (tool axis direction 


control) 


The table rotation type machine shown in Fig. 21.2 (m) is explained as 
an example. 

If the table rotates by the tool axis direction control command (GS53.1), 
the feature coordinate system (called the first feature coordinate 
system), which is set in the workpiece coordinate system by the 
feature coordinate system set command (G68.2), rotates as much as 
the table rotates. 

The feature coordinate system that has rotated is called the second 
feature coordinate system. 

Once G53.1 is specified, the subsequent machining commands are 
assumed to be specified in the second feature coordinate system. 
(See Fig. 21.2 (n).) 

In the table rotation type machine, the specified feature coordinate 
system (the first feature coordinate system) may differ from the 
feature coordinate system to be used for machining (the second feature 
coordinate system). 














e G53.1 command 
Xc' 
Second feature coordinate 
system 
Xc'-Yc'-Zc' 
yw as 
G01 X10.0 F1000 
command after G53.1 
ZC 
Xc' 
Second feature coordinate 
system 
Xc'-Ye'-Zc' 
Ey —_———ny 








Fig. 21.2(n) Resetting of the feature coordinate system 
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- Angle of the rotary axis 


When tool axis direction control (G53.1) has been performed, more 
than two pairs of "computed angles" of the rotary axes usually exist. 
The "computed angle" is the candidate angle at which the rotary axis 
is to be controlled in the tool axis direction specified by G53.1. 
The "output angle" is determined from the "computed angle" based on 
the "output judgment conditions" described below. 

“Output judgment conditions" 


Tool rotation type or table rotation type machine 


<1> The "output angles" are represented by the computed rotary axis 

angle pair whose master axis (first rotary axis) moving angle is 
smaller. 

L 

\ When the master axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) moving angle is 
smaller. 


L 

\ When the slave axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose master axis (first rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 

L 


\ When the master axis angle is equally near to 0 degree 
L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (Second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 


Mixed-type machine 


<1> The "output angles" are represented by the computed rotary axis 

angle pair whose table (second rotary axis) moving angle is smaller. 
+ When the table moving angle is the same 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) moving angle is smaller. 
+ When the tool moving angle is the same 
The "output angles" are represented by the computed rotary axis 
angle pair whose table (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 

L 





\ When the master axis angle is equally near to 0 degree 
L 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) angle is nearer to 0 degree 
(multiple of 360 degrees). 
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The process of judging whether the moving angle is smaller or larger 
as the output judgement condition is called "movement judgement." 


The "movement judgement" process is explained below. 

When the "computed angle" is within the range between 0 and 360 
degrees, it is called the "basic computed angle." 

Usually, two pairs of "basic computed angles" exist. 

For example, assume that the machine has rotary axis A (master) and 
rotary axis B (slave) and that there are two pairs of basic computed 
angles as follows: 

(A 61 degree; B 1 degree) 

(A 02 degrees; B 62 degrees) where 01 < 02 and 61 < 92. 

The "computed angle" is obtained from either of the following 
expressions: "basic computed angle" + 360 degrees x N or "basic 
computed angle" - 360 degrees x N. 

The current position of rotary axis A (master) is PA, and that of rotary 
axis B (slave) is 0 degree. 

Based on the PA angle, the "movement judgement" process is done as 
follows. 


e Computed angle A 


-360 x (N + 1) degrees -360 x N degrees 
(*1) 


0 degree 360 degrees 


} 


(*2) 
62 + 360 x (N-1)] |61 + 360 x N| |62 +360 x N| [01 +360 x (N+ 1) 


360 x N degrees 360 x (N + 1) degrees 


"Movement judgment" 





70a 
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When the PA angle is (*1): 

The output angle is: (A 02 - 360 x (N + 1) degrees; B $2 degrees). 
Namely, 02 - 360 x (N + 1) degrees is adopted that is nearer to the 
computed angle of A, and 2, which is the same group as Q2, is 
adopted as the computed angle of B. 


When the PA angle is (*2): 

The output angle is: (A 01 degrees; B 61 degrees). 

Namely, 01 degrees is adopted that is nearer to the computed angle of 
A, and $1, which is the same group as 01, is adopted as the computed 
angle of B. 


When the PA angle is (*3): 

The output angle is: (A 02 + 360 x N degrees; B 2 degrees). 
Namely, 62 + 360 x N degrees is adopted that is nearer to the 
computed angle of A, and 2, which is the same group as @2. is 
adopted as the computed angle of B. 


When the moving angle of rotary axis A (master) is the same, a 
"movement judgement" is made for rotary axis B (slave) according to 
the "output judgment conditions." 

If the "output angle" of rotary axis A is determined by the "movement 
judgement" for rotary axis A, the computed angle representing the 
"smaller moving angle" is adopted as the "output angle" of rotary axis 
B. 

Similarly, if the "output angle" of rotary axis B is determined by the 
"movement judgement" for rotary axis B, the computed angle 
representing the "smaller moving angle" is adopted as the "output 
angle" of rotary axis A. 


/\ CAUTION 
1 To use the rotary axis roll-over function, set 
parameter No. 1260 (amount of rotary axis 


movement per rotation) to 360 degrees. 
2 Astroke limit before movement is applied to the 
rotary axis subject to tool axis direction control. 
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The "output angle" is explained below using a tool rotation type 


machine as an example. 


This example illustrates a machine having a "BC type tool axis Z." 


e BC type tool axis Z 


Fig. 21.2 (0) BC type tool axis Z 





B-axis: Second rotation axis 


The following two pairs of "computed basic angles" exist that direct 


the tool axis toward the +X-axis direction. 
(B 90 degrees; C 180 degrees) 


(B 270 degrees; C 0 degree) 


<1> When the current rotary axis angles are (B -70 degrees; C 30 


degrees) 


The "output angles" are (B -90 degrees; C 0 degree). 


0 degree is adopted because it is nearer to the current 
position (30 degrees) of the C-axis that is the master axis. 
For the B-axis, 270 degrees is adopted which is the same 
group. However, this is changed to -90 degrees (270 
degrees - 360 degrees) which is the nearest to the current 


position of the B-axis (-70 degrees). 


<2> When the current rotary axis angles are (B 80 degrees; C 500 


degrees) 


The "output angles" are (B 90 degrees; C 540 degrees). 
540 degrees (180 degrees + 360 degrees) is adopted because 
it is nearer to the current position (500 degrees) of the C-axis 


that is the master axis. 
adopted which is the same group. 


For the B-axis, 90 degrees is 


<3> When the current rotary axis angles are (B 60 degrees; C 90 


degrees) 


The "output angles" are (B 90 degrees; C 180 degrees). 
Since the two candidates are equally near to the current 
position (90 degrees) of the C-axis that is the master axis, a 
judgment is made based on the current position of the B-axis. 
90 degrees is adopted because it is nearer to the current 
position (60 degrees) of the B-axis that is the slave axis. 
For the C-axis, 180 degrees is adopted which is the same 


group. 
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<4> When the current rotary axis angles are (B 180 degrees; C 90 

degrees) 

The "output angles" are (B 270 degrees; C 0 degree). 
Since the two candidates are equally near to the current 
position (90 degrees) of the C-axis that is the master axis, a 
judgment is made based on the current position of the B-axis. 
In this case, however, the two candidates are also equally 
near to the current position of the B-axis (180 degrees). 
Therefore, the candidate is adopted in which the C-axis 
(master axis) is nearer to 0 degree. 
That is, the pair is adopted whose C-axis angle is 0 degree 
and whose B-axis angle is 270 degrees. 


When the slave axis angle is 0 degree, the direction of the tool axis 
becomes fixed regardless of the master axis angle. 


In that case, the master axis does not move from the current angle. 


An explanation is shown below using a machine having a "BC type 
tool axis Z" as an example. 


e BC type tool axis Z 








Fig. 21.2 (p) BC type tool axis Z 


When the current rotary axis angles are (B 45 degrees; C 90 degrees), 
the "output angles" are (B 0 degree; C 90 degrees). 
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Limitation 


- Basic restrictions 


- Increment system 


- Rapid traverse command 


The restrictions for this function are similar to those for the 
three-dimensional coordinate conversion function. 


The same increment system must be used for the basic three axes used 
by this function. 


The rapid traverse command must specify linear rapid traverse 
(parameter LRP (parameter No.1401#1) = 1). 


- Feature coordinate system and three-dimensional coordinate conversion 


An alarm occurs if an attempt is made to set a feature coordinate 
system in another feature coordinate system. 

An alarm also occurs if an attempt is made to set a new coordinate 
system by performing three-dimensional coordinate conversion in a 
feature coordinate system. 


- Positioning in the machine coordinate system 


- External mirror image 


Positioning commands in the machine coordinate system, such as G28, 
G30, and G53, operate in the machine coordinate system rather than in 
the feature coordinate system. 


If an attempt is made to use this function and the external mirror 
image function simultaneously, this function takes effect before the 
external mirror image function. 


Yc_ Actual path | Programmed path 





Feature coordinate 
system 





Workpiece coordinate | Mirrored position 
system ; 
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- Relationships with other modal commands 
G41, G42, and G40 (cutter compensation), G43 and G49 (tool length 
compensation), G51.1 and G50.1 (programmable mirror image), and 
canned cycle commands must have nesting relationships with G68.2. 
In other words, first issue G68.2 when the modes mentioned above are 
off, then turn the modes on and off, and then issue G69. 


- Parallel axis control 
When a parking signal is applied to an axis during parallel axis control, 
conversion to a feature coordinate system occurs for another axis if a 
move command is issued for that another axis. For this reason, an 
axis may move even if a parking signal has been applied to it. 


- Specifiable G codes 
The G codes that can be specified in the tilted working plane 
command mode are listed below. 
Specifying a G code other than these codes results in alarm PS5462. 
- Positioning (G00) 
- Linear interpolation (G01) 
- Circular interpolation / helical interpolation (G02/G03) 
- Dwell (G04) 
- Programmable data input (G10) 
- Programmable data input mode cancel (G11) 
- Plane selection (G17/G18/G19) 
- Automatic return to reference position (G28) 
- | Movement from reference position (G29) 
- 2nd, 3rd and 4th reference position return (G30) 
- Cutter compensation : cancel (G40) 
- Cutter or tool nose radius compensation / 
Three-dimensional cutter compensation (G41/G42) 
- Tool length compensation + (G43) 
- Tool length compensation - (G44) 
- Tool length compensation cancel (G49) 
- Machine coordinate system setting (G53) 
- Tool axis direction control (G53.1) 
- Macro call (G65) 
- | Macro modal call A (G66) 
- | Macro modal call B (G66.1) 
- | Macro modal call A/B cancel (G67) 
- Absolute programming (G90) 
- Incremental programming (G91) 
- Canned cycle for drilling (G73, G74, G76, G80 to G89) 
- Canned cycle : return to initial level (G98) 
- Canned cycle : return to R point level (G99) 
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[| 





Tool offset increase (G45) 

Tool offset decrease (G46) 

Tool offset double increase (G47) 

Tool offset double decrease (G48) 

Programmable mirror image (G50.1/G51.1) 

Coordinate system rotation cancel or 3-dimensional coordinate 
conversion mode off (G69) 

Feed per minute (G94) 

Feed per revolution (G94) 


Coordinate system rotation cancel or 3-dimensional coordinate 
conversion mode off (G69.1) 

Feed per minute (G98 (G94)) 

Feed per revolution (G99 (G94)) 


- Modal G codes that allow specification of a tilted working plane command 

A tilted working plane command can be specified in the modal G code 
states listed below. 

In a modal state other than the following modal G codes, specifying 
the tilted working plane command results in alarm PS5462: 


Modal G codes included in "Specifiable G codes" described 
previously 

Polar coordinate interpolation mode cancel (G13.1) 
Polar coordinates command cancel (G15) 

Input in inch (G20 (G70)) 

Input in mm (G21 (G71)) 

Stored stroke check function (G22/G23) 

Scaling cancel (G50) 

Polygon turning cancel (G50.2) 

Workpiece coordinate system | selection (G54 to G59) 
Exact stop mode (G61) 

Automatic corner override (G62) 

Tapping mode (G63) 

Cutting mode (G64) 

Inverse time feed (G93) 

Constant surface speed control cancel (G97) 


Polar coordinate interpolation mode cancel (G113) 


Programmable mirror image cancel (G50.1) 
Mirror image for double turret off/balanced cutting mode cancel 
(G69) 
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21.3 


Overview 


INCLINED ROTARY AXIS CONTROL 


The conventional tilted working plane command / tool center point 
control function for 5-axis machining / cutter compensation for 5-axis 
machining / manual handle feed for 5-axis machining can be used only 
for those machines whose tool rotation axis or table rotation axis is 
parallel to the basic axis of the basic coordinate system. (See Fig. 
21.3 (a). ) 

Inclined rotary axis control is intended to allow the tilted working 
plane command / tool center point control function for 5-axis 
machining / cutter compensation for 5-axis machining / manual handle 
feed for 5-axis machining to be applied even when the tool rotation 
axis or table rotation axis is inclined with respect to the X-Z plane, a 
Y-Z plane or a Z-X plane of the machine coordinate system. 








<2> Table rotation type machine 








Fig. 21.3 (a) Three types of 5-axis machine 
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An example of a tool rotation type machine is explained below. (See 
Fig. 21.3 (b).) 

The machine shown in Fig. 21.3 (b) has rotary axis B (master) that 
turns around the Y-axis and rotary axis C (slave) whose Y-axis is 
inclined at an angle of 45 degrees on the Y-Z plane. 

The tilted working plane command / tool center point control function 
for 5-axis machining / cutter compensation for 5-axis machining / 
manual handle feed for 5-axis machining can be used even for the 
machine configuration shown in Fig. 21.3 (b). 








Fig. 21.3(b) Tool rotation type machine 


An example of a table rotation type machine is explained below. 
(See Fig. 21.3 (c).) 

The machine shown in Fig. 21.3 (c) has rotary axis B (master) whose 
Y-axis is inclined at an angle of -45 degrees on the Y-Z plane and 
rotary axis C (slave) that turns around the Z-axis. 

The tilted working plane command / tool center point control function 
for 5-axis machining / cutter compensation for 5-axis machining / 
manual handle feed for 5-axis machining can be used even for the 
machine configuration shown in Fig. 21.3 (c). 
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Fig. 21.3(c) Table rotation type machine 


An example of a mixed-type machine is explained below. (See Fig. 
21.3 (d).) 

The machine shown in Fig. 21.3 (d) has table rotation axis B whose 
Y-axis is inclined at an angle of -45 degrees on the Y-Z plane and tool 
rotation axis C that turns around the Z-axis. 

The tilted working plane command / tool center point control function 
for 5-axis machining / cutter compensation for 5-axis machining / 
manual handle feed for 5-axis machining can be used even for the 
machine configuration shown in Fig. 21.3 (d). 











Fig. 21.3 (d) Mixed-type machine 
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Format and operation 


Limitation 


The operation of the tilted working plane command / tool center point 
control function for 5-axis machining / cutter compensation for 5-axis 
machining / manual handle feed for 5-axis machining during the 
inclined rotary axis control is similar to the operation performed when 
the inclined rotary axis control is not in use. 

For details, see the description of each function. 


The operation of the tilted working plane command / tool center point 
control function for 5-axis machining / cutter compensation for 5-axis 
machining / manual handle feed for 5-axis machining during the 
inclined rotary axis control is similar to the operation performed when 
the inclined rotary axis control is not in use. 

For details, see the description of each function. 
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21.4 CUTTER COMPENSATION FOR 5-AXIS MACHINING 


Overview 
For machines having multiple rotary axes for freely controlling the 
orientation of a tool axis, this function calculates a tool vector from 
the positions of these rotary axes. The function then calculates a 
compensation vector in a plane (compensation plane) perpendicular to 
the tool vector and performs three-dimensional cutter compensation. 
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- Machine configuration 


This function is applicable to the following machine configurations: 

<1> Tool rotation type machine controlled with two tool rotation axes 

<2> Table rotation type machine controlled with two table rotation 
axes 

<3> Mixed-type machine controlled with one tool rotation axis and 
one table rotation axis 








<1> Tool rotation type machine 
Cc 
B 














<3> Mixed-type machine 











Fig. 21.4(a) Three types of machine configuration 
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The coordinate system in which to execute a program for cutter 

compensation for 5-axis machining is called a programming 

coordinate system. 

If, in a 5-axis machine having a table rotation axis, cutter 

compensation for 5-axis machining (tool side offset) is to be 

performed, the table coordinate system (coordinate system fixed to the 

table) can be selected as a programming coordinate system. 

Alternatively, the workpiece coordinate system fixed to the machine 

coordinate system can be selected as a programming coordinate 

system. 

There are two types of cutter compensation for 5-axis machining (tool 

side offset), which differ in the method of specifying the tool axis 

direction. 

(1) Type 1 
Specify the block end position (for example, A, B, C) of the 
rotation axis. The CNC performs cutter compensation on the 
plane perpendicular to the tool axis direction calculated from 
the specified position on the rotation axis. 

(2) Type 2 
Instead of specifying a position on the rotation axis, specify the 
tool axis direction (I, J, K) at the block end point as viewed 
from the table coordinate system. The CNC calculates the end 
position on the rotation axis so that the tool points to the 
specified direction at the end point, and performs cutter 
compensation on the plane perpendicular to the tool axis 
direction calculated from the position on the rotation axis. 


By using type 2, it is possible to perform the same machining with the 
same program regardless of the machine configuration of the 5-axis 
machine (tool rotation type, table rotation type, or mixed-type). 


Same program 


00001 


G41.6 D1 
G01 X100. 11.0 K1.0 F1000 











Tool rotation type Mixed-type 


Table rotation type 


Fig. 21.4 (b) Type 2 Program 
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21.4.1 Cutter Compensation in Tool Rotation Type Machine 


Overview 


In a 5-axis machine having two tool rotation axes as shown in Fig. 
21.4.1 (a), this function can perform cutter compensation. 

Shown below is a 5-axis machine that has tool rotation axis B on the 
Y-axis and tool rotation axis C on the Z-axis. 

This machine configuration is used as a sample configuration in the 
following explanation unless otherwise noted. 


Cutter compensation in tool rotation machines is classified into two 
types according to the way of machining: tool side offset and 
leading edge offset. 





Workpiece coordinate system: A coordinate 
system used for creating programs 








Fig. 21.4.1 (a) Machine having two tool rotation axes 
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21.4.1.1 Tool side offset 


Overview 


Format 
- Tool side offset (type 2) 


- Tool side offset (type 1) 


This type of cutter compensation performs three-dimensional 
compensation in a plane (compensation plane) perpendicular to the 
tool vector. 





Programmed path 
Tool vector (path before compensation) 






Cutter compensation y 


Conipense jon 


plane amount 











Fig. 21.4.1.1 (a) Tool side offset 


G41.2 (or G42.2) IP_D_; 
irl J_K_; 


G41.2: Cutter compensation left (group 07) 

G42.2: Cutter compensation right (group 07) 
Value specified for axis movement (including 
rotary axis) 
Code specifying the cutter compensation amount 
(1 to 3 digits) 


G41.6 (or G42.6) IP_I_J_ K_D_Q_; 


iP_iJ_K_; 


G41.2: Cutter compensation left (group 07) 

G42.2: Cutter compensation right (group 07) 

IP_: Value specified for axis movement (including 
rotary axis) 

D: Code specifying the cutter compensation amount 
(1 to 3 digits) 

Q: Tool’s angle of gradient (in degrees) 

|_ J_ K_: Tool axis direction at the block end point as 

viewed from the programming coordinate system 
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For type 2, do not specify a rotation axis but specify the direction at 
the tool end point as viewed from the programming coordinate system 
(workpiece coordinate system), with I, J, and K. 


PROGRAMMING B-63944EN/02 


rotation axis causes alarm PS5460 to be generated. 


NOTE 
When a movement perpendicular to the next 
movement (bit 1 (SUV) of parameter No. 5003 is 


set to 1) is specified as the operation performed 
at the time of startup or cancellation, a move 
command such as X_ Y_ Z_ must not be 
specified in the G41.2 and G42.2 block. 





The following are the notes on type 2. 


NOTE 


1 


2 


- Canceling the tool side offset 


If one or two of I, J, and K are omitted, the omitted 
ones of I, J, and K are assumed to be 0. 

In a block in which all of |, J, and K are omitted, 
the values of |, J, and K in the previous block are 
used. 

If there is only one rotation axis (a hypothetical 
axis is used), type 2 cannot be used. In this 
case, if an attempt is made to issue G41.6/G42.6, 
alarm PS5460 is generated. 

If using the rotation axis rollover function or rotary 
axis control function, specify 360 degrees in 
parameter No. 1260 (mount of travel per rotation 
about the rotation axis). 

Only tool side offset provides type 2 commands. 
Leading edge offset, described later, does not 
provide type 2 commands. 





G40 IP_; 


G40: Cancellation of cutter compensation (group 07) 


Tp 





Value specified for axis movement 
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Explanation 
- Tool’s angle of gradient in type 2 

For type 2 of cutter compensation for 5-axis machining, the tool's 
angle of gradient can be specified with address Q in a G41.6/G42.6 
command block. The tool's angle of gradient refers to the angle by 
which the tool direction to be assumed when machining is actually 
performed is inclined from the direction specified with (I, J, K) toward 
the traveling direction on the plane formed by the tool direction 
specified with (I, J, K) and the traveling direction in the programming 
coordinate system. (See Fig. 21.4.1.1 (b).) 
Because in general, the normal direction of the machining surface is 
specified with (I, J, K), if it is desired to incline the tool direction to be 
assumed when machining is actually performed from the normal 
direction toward the traveling direction, correction may be performed 
with a Q command. 
If the direction specified with (I, J, K) matches the tool direction to be 
assumed when machining is actually performed, no Q command is 
necessary. 





Traveling ; Tool's angle of gradient (Q) 
direction of Fa 
machining 










Tool directi A 
specified with (I, J, K) ¢ Tool direction to be assumed when 


“ machining is actually performed 
Programmed path 
(path before compensation) 


Tool center path 
(path after compensation) 


Cutter 
compensation 
vector 


Compensation plane 


(Plane perpendicular to the "tool direction to be 
assumed when machining is actually performed") 











Fig. 21.4.1.1 (b) Tool's angle of gradient in type 2 


(Example) 
To perform machining by inclining the tool's traveling direction 
twice, issue a command such as the following: 
G41.61 J_K_H_Q2.0 


Tat 


21.5-AXIS MACHINING FUNCTION PROGRAMMING B-63944EN/02 


- Operation at startup and cancellation 
<1> Type A 
The tool is moved in the same way as for cutter compensation as 
shown below. 





Operation in linear interpolation 


—_—>_ ‘Toolcenter path 





—— : Programmed path 


Operation in circular interpolation 


= Tool center path 


Programmed path 


ee 
Tool 


Fig. 21.4.1.1 (c) Operation at startup and cancellation (type A) 








<2> Type B 
The tool is moved in the same way as for cutter compensation as 
shown below. 





Operation in linear interpolation 


—_——>-_ Tool center path 


———> : Programmed path 












Operation in circular interpolation 
——>- Tool center path 


——— : Programmed path 


G40 











Fig. 21.4.1.1 (d) Operation at startup and cancellation (type B) 


oe 
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<3> Movement perpendicular to the next movement 


When G41.2, G42.2, or G40 is specified, a block that moves the 
tool linearly by the amount of cutter compensation in a direction 
perpendicular to the movement direction of the next block is 
inserted as shown below. 





Operation in linear interpolation 


—— > - Tool center path 


—> : Programmed path 
Tool 






G41.2 ~ 








Operation in circular interpolation 


—> Toolcenter path 


—>.: Programmed path 





G40 





JS 


G42.2 





Fig. 21.4.1.1 (e) Operation at startup and cancellation (In a direction 


perpendicular to the next movement) 


NOTE 
When the movement direction is perpendicular to 
the next movement (bit 1 (SUV) of parameter No. 
5003 is set to 1), the following conditions must 
always be satisfied at startup and cancellation: 
1 A block specifying G40, G41.2, or G42.2 must 


be in the GOO or G01 mode. 

2 Ablock specifying G40, G41.2, or G42.2 must 
contain no move command. 

3 The block next to a block specifying G41.2 or 
G42.2 must contain move command GOO, G01, 
G02, or GO3. 
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- Operation during compensation 
Operations such as change of the offset direction and offset value, 
retention of a vector, and interference checks are performed in the 
same way as for cutter compensation. However, G39 (corner 
rounding) cannot be specified. So, note the following: 


<1> When the tool center path goes outside the programmed path at a 
corner, a linear movement takes place at the corner without 
inserting an arc. When the tool center path goes inside the 
programmed path, nothing is inserted. 





Linear block inserted Nothing inserted 







=> Tool center path 


— >: Programmed path 
=>: Tool compensation 


amount 





Workpiece Woniplece 


Example <1>-1 Example <1>-2 
Going outside of corner at Going inside of corner 
acute angle 








Fig. 21.4.1.1 (f) Operation during compensation <1>-1 and <1>-2 


In the above examples, the terms "inside" and "outside" denote 
how the tool center path is positioned with respect to the 
programmed path. In the figure below, example <1>-3 shows 
the same relationship between the tool center path and 
programmed path as example <1>-1 and indicates that the tool 
center path is outside the programmed path; example <1>-4 
shows the same relationship as example <1>-2 and indicates that 
the tool center path is inside the programmed path. 





=>: Tool center path 
—>: Programmed path 


=>. Tool compensatio 
amount 


/ Workpiec 


tool 
Example <1>-3 Example <1>-4 





Fig. 21.4.1.1 (g) Operation during compensation <1>-3 and <1>-4 
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<2> When the tool moves at a corner, the feedrate of the previous 
block is used if the corner is positioned before a single-block 
stop point; if the corner is after a single-block stop point, the 
feedrate of the next block is used. 










F100 


— > - Tool center path 
——> : Programmed path 


Program <2>-1 


N1 G90 G41.2 Xp Yp Zp Bp Cp D1 ; 


N2 G01 Xq Yq Zq F100 ; 
N3 Xr Yr Zr F200 ; 





Fig. 21.4.1.1 (h) Operation during compensation <2> 


In the above example, the single-block stop point of N2 is Q2', so 
the feedrates along paths P'-Q1' and Q1'-Q2' are both F100. 


<3> When a command that makes the tool retrace the path of the 
previous block is specified, the tool path can match the locus of 
the previous block by changing the G code to change the offset 
direction. If the G code is left unchanged, the operation shown 
in example <3>-2 results: 








— > - Tool center path 
—~ : Programmed path 
—>——— 
=e 
Example <3>-1 Example <3>-2 
When changing G41.2 to G42.2 When leaving G code unchanged 
(G41.2 mode) (G41.2 mode) 
G91 G01 X100.0 G91 G01 X100.0 
G42.2 X-100.0 X-100.0 











Fig. 21.4.1.1 (i) Operation during compensation <3> 
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- Interference check when the compensation plane changes 
An interference check is made when the compensation plane (a plane 
perpendicular to the tool vector) has changed. 
Example: 
If the following program is executed, an alarm PS0041 (overcutting 
due to cutter or tool nose radius compensation) is issued at N4: 
0100 F3000 
N1 G90 G00 X0 YO Z0 A-46 C180 
N2 G41.2 D1 
N3 GO1 X100 
N4 Y-200 Z-200 
N5 A45 
N6 Y-400 ZO 
N7 X0 
N8 Y-200 Z-200 
N9 A-46 
N10 YO ZO 
N11 G40 
M30 

















Fig. 21.4.1.1 (j) Conceptual diagram 
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Va: Tool vector when A=-46 
Vb: Tool vector when A=45 
A: End point of N3 
B: End point of N4 
C: End point of N6 
Fig. 21.4.1.1 (k) Tool vector 














A’: Point A projected onto the compensation plane 
B’: Point B projected onto the compensation plane 








C’: Point C projected onto the compensation plane 
Fig. 21.4.1.1 (I) Compensation vector at the end point (point B) of N4 (in 
the compensation plane) 


The movement direction of A'B' is opposite to that of B'C', so two 
compensation vectors V1 and V2 are produced at point B' (the end 
point of N4). In such a case, there is a possibility of overcutting, so 
an alarm PS0041 is issued at N4. 


<1> Conditions for issuing the interference alarm 

Suppose that a move command for a rotary axis makes the tool 
vector change significantly from one block to another. In this 
case, an interference alarm is assumed because compensation 
vectors are regarded as being generated in wrong directions when 
the path angle difference in the compensation plane is large, even 
though the angle difference between the directions of 
compensation vectors to be generated by those blocks is small. 
Here, the compensation plane is perpendicular to the tool 
direction (Va in the figure below) of the first of the two blocks. 
Specifically, the conditions listed below are used for issuing the 
alarm. 
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Ua: Vector AB 

Ub: Vector BC 

Va: Tool vector between A and B 

Vb: Tool vector between B and C 

Wa: Va x Ua 

Wb: Vb x Ub 

(Here, x represents an outer product operator.) 








Fig. 21.4.1.1 (m) Conceptual diagram 





e3 





A’: Point A projected onto the compensation plane 
B’: Point B projected onto the compensation plane 
C’: Point C projected onto the compensation plane 
Ra: Vector A’B’ 
Rb: Vector B’C’ 


Fig. 21.4.1.1 (n) Programmed path before and after the end point (point 
B) of N4 (in the compensation plane) 








When all the following conditions are satisfied, an alarm 
PS0041) is issued: 
(1) The tool vector changes significantly. 
a: Angle for determination set in parameter No. 19635 
(The default is 45°.) 
(Va, Vb) < cos(a)(where, (Va, Vb) means an inner product.) 
(2) The difference between the directions of the compensation 
vectors to be generated is small. 
Wa: Direction of a compensation vector to be generated by 
block AB 
Wb: Direction of a compensation vector to be generated by 
block BC 
Wa= Vax Ua 
Wb = Vb x Ub 
(Wa,Wb) > 0 
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(3) The path angle difference in the compensation plane is 
large. 
(Ra,Rb) < 0 


<2> Suppressing the issue of the alarm with a Q command 
By inserting a Q command into a block that resulted in the alarm, 
the issue of the alarm can be suppressed. 
(1) QI command 
By inserting a QI command, a perpendicular vector is 
generated. 
Example: N4 Y-200 Z-200 Q1 











At B', a vector (V) perpendicular to A'B' is generated. 


Fig. 21.4.1.1 (0) Q1 command 





A perpendicular vector can also be generated by specifying 
G41.2 or G42.1 in the next block as follows: 
Example: N6 G41.2 Y-400 Z0 

(2) Q2 command 
With a program specifying a linear-to-linear connection, up 
to two compensation vectors are generated. In this case, 
the second vector is deleted by inserting a Q2 command. 
The Q2 command has no effect on circular interpolation. 
Example: N4 Y-200 Z-200 Q2 








The second vector (V2) is deleted, and only V1 is used as a compensation vector. 
Fig. 21.4.1.1 (p) Q2 command 
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- Others 


(3) Q3 command 
By inserting a Q3 command, the issue of the alarm can be 


suppressed. 
Example: N4 Y-200 Z-200 Q3 














The two vectors (V1 and V2) are not deleted. 
Fig. 21.4.1.1 (q) Q3 command 


When the tool movement changes linear to circular (helical), circular 
(helical) to linear, or circular (helical) to circular (helical), the start, 
end, and center points of a circular (helical) movement are projected 
on the compensation plane that is perpendicular to the tool axis, and a 
compensation vector is calculated in the plane. The obtained vector 
is added to the originally specified position to create a position to be 
specified. Then, the tool is moved linearly or circularly (helically) to 
the created position. 























NZ 
Tool axis 
Tool 
ae ae Actual Y 
: » compensation 
x Start point End point “vector 
NS \ Move command hs 
Tool 
Projected 
i Compensation vector 
, created in the 
compensation plane 
|Tool center path created in the compensation plane 
Compensation plane = XY plane) 











Fig. 21.4.1.1 (r) Operation during compensation 
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- Angle of the rotary axis for type 2 (when the movement range is not specified) 
When the direction of the tool is specified by I, J, K, Q for type 2, 
more than two pairs of "computed angles" of the rotary axes usually 
exist. 

The "computed angle" is the candidate angle at which the rotary axis 
is to be controlled in the specified tool axis direction. 

The "output angle" is determined from the "computed angle" based on 
the "output judgment conditions" described below. 

The following descriptions assume that there is no movement range 
specification (parameter No.19741 - No.19744 = 0). 


Tool rotation type or table rotation type machine 


<1> The "output angles" are represented by the computed rotary axis 

angle pair whose master axis (first rotary axis) moving angle is 
smaller. 

L 

\ When the master axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) moving angle is 
smaller. 


L 

\ When the slave axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose master axis (first rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 

L 


{ When the master axis angle is equally near to 0 degree 
L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 


Mixed-type machine 


<1> The "output angles" are represented by the computed rotary axis 
angle pair whose table (second rotary axis) moving angle is smaller. 

+ When the table moving angle is the same 

The "output angles" are represented by the computed rotary axis 

angle pair whose tool (first rotary axis) moving angle is smaller. 


+ When the tool moving angle is the same 





The "output angles" are represented by the computed rotary axis 
angle pair whose table (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 

L 


\ When the table angle is equally near to 0 degree 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) angle is nearer to 0 degree 
(multiple of 360 degrees). 





Fig. 21.4.1.1 (s) Output judgment conditions 
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The process of judging whether the moving angle is smaller or larger 
as the output judgement condition is called "movement judgement." 
When parameter PRI (No.19608#5) is 1, the movement judgements 
for the first rotary axis and second rotary axis are made in reverse 
order. 


The "movement judgement" process is explained below. 

When the "computed angle" is within the range between 0 and 360 
degrees, it is called the "basic computed angle." 

Usually, two pairs of "basic computed angles" exist. 

For example, assume that a tool rotation type or table rotation type 
machine has rotary axis A (master) and rotary axis B (slave) and that 
there are two pairs of basic computed angles as follows: 

(A 61 degree; B 1 degree) 

(A 02 degrees; B 62 degrees) where 01 < 02. 

The "computed angle" is obtained from either of the following 
expressions: "basic computed angle" + 360 degrees x N or "basic 
computed angle" - 360 degrees x N. 

The current position of rotary axis A (master) is PA, and that of rotary 
axis B (slave) is 0 degree. 

Based on the PA angle, the "movement judgement" process is done as 
follows (when parameter PRI (No.19608#5) is 0). 


e Computed angle A 


-360 x (N + 1) degrees -360 x N degrees 
(*1) 


0 degree 7 360 degrees 


(*2) 


2 + 360 x (N- 1)| }61 + 360 x N| [62 +360 x N| [61 + 360 x (N + 1) 


360 x N degrees 360 x (N + 1) degrees 


Fig. 21.4.1.1 (t) Movement judgment 
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When the PA angle is (*1): 

The output angle is: (A 02 - 360 x (N + 1) degrees; B 2 degrees). 
Namely, 02 - 360 x (N + 1) degrees is adopted that is nearer to the 
computed angle of A, and 2, which is the same group as Q2, is 
adopted as the computed angle of B. 


When the PA angle is (*2): 

The output angle is: (A 01 degrees; B $1 degrees). 

Namely, 01 degrees is adopted that is nearer to the computed angle of 
A, and 1, which is the same group as 01, is adopted as the computed 
angle of B. 


When the PA angle is (*3): 

The output angle is: (A 02 + 360 x N degrees; B 2 degrees). 
Namely, 62 + 360 x N degrees is adopted that is nearer to the 
computed angle of A, and 2, which is the same group as @2. is 
adopted as the computed angle of B. 


When the moving angle of rotary axis A (master) is the same, a 
"movement judgement" is made for rotary axis B (slave) according to 
the "output judgment conditions." 

If the "output angle" of rotary axis A is determined by the "movement 
judgement" for rotary axis A, the computed angle representing the 
"smaller moving angle" is adopted as the "output angle" of rotary axis 
B. 

Similarly, if the "output angle" of rotary axis B is determined by the 
"movement judgement" for rotary axis B, the computed angle 
representing the "smaller moving angle" is adopted as the "output 
angle" of rotary axis A. 


The "output angle" is explained below using a tool rotation type 
machine as an example. 
This example illustrates a machine having a "BC type tool axis Z." 


e BC type tool axis Z 


C-axis: First rotation axis 
(master) 


B-axis: Second rotation axis 
(slave) 


Y 





Fig. 21.4.1.1 (u) BC type tool axis Z 


The following two pairs of "computed basic angles" exist that direct 
the tool axis toward the +X-axis direction. 

(B 90 degrees; C 180 degrees) 

(B 270 degrees; C 0 degree) 
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<1> When the current rotary axis angles are (B -70 degrees; C 30 
degrees) 
The "output angles" are (B -90 degrees; C 0 degree). 
0 degree is adopted because it is nearer to the current 
position (30 degrees) of the C-axis that is the master axis. 
For the B-axis, 270 degrees is adopted which is the same 
group. However, this is changed to -90 degrees (270 
degrees - 360 degrees) which is the nearest to the current 
position of the B-axis (-70 degrees). 
<2> When the current rotary axis angles are (B 80 degrees; C 500 
degrees) 
The "output angles" are (B 90 degrees; C 540 degrees). 
540 degrees (180 degrees + 360 degrees) is adopted because 
it is nearer to the current position (500 degrees) of the C-axis 
that is the master axis. For the B-axis, 90 degrees is 
adopted which is the same group. 
<3> When the current rotary axis angles are (B 60 degrees; C 90 
degrees) 
The "output angles" are (B 90 degrees; C 180 degrees). 
Since the two candidates are equally near to the current 
position (90 degrees) of the C-axis that is the master axis, a 
judgment is made based on the current position of the B-axis. 
90 degrees is adopted because it is nearer to the current 
position (60 degrees) of the B-axis that is the slave axis. 
For the C-axis, 180 degrees is adopted which is the same 
group. 
<4> When the current rotary axis angles are (B 180 degrees; C 90 
degrees) 
The "output angles" are (B 270 degrees; C 0 degree). 
Since the two candidates are equally near to the current 
position (90 degrees) of the C-axis that is the master axis, a 
judgment is made based on the current position of the B-axis. 
In this case, however, the two candidates are also equally 
near to the current position of the B-axis (180 degrees). 
Therefore, the candidate is adopted in which the C-axis 
(master axis) is nearer to 0 degree. 
That is, the pair is adopted whose C-axis angle is 0 degree 
and whose B-axis angle is 270 degrees. 


When the slave axis angle is 0 degree, the direction of the tool axis 
becomes fixed regardless of the master axis angle. 


In that case, the master axis does not move from the current angle. 


An explanation is shown below using a machine having a "BC type 
tool axis Z" as an example. 
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e BC type tool axis Z 





Fig. 21.4.1.1 (v) BC type tool axis Z 


When the current rotary axis angles are (B 45 degrees; C 90 degrees), 
the "output angles" are (B 0 degree; C 90 degrees). 
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- Angle of the rotary axis for type 2 (when the movement range is specified) 
If the upper and lower limits of the movement range of the rotary axis 
is specified using parameters No.19741 to No.19744, the rotary axis 
will move only within the specified range when the direction is 
specified using I, J, K, Q command for type 2 control. 


Although the procedure for determining the angles is the same as that 
used "when the movement range is not specified," the "output angles" 


need to be selected from those computed angles that are within the 
specified movement range for both axes. 


Tool rotation type or table rotation type machine 


<1> Of the angle pairs whose master and slave axis angles are both within 
the specified movement range, the rotary axis angle pair whose 
master axis (first rotary axis) moving angle is smaller represents the 
"output angles." 


\ When the master axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) moving angle is 
smaller. 


L 

\ When the slave axis moving angle is the same 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose master axis (first rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 

L 


\ When the master axis angle is equally near to 0 degree 
L 
The "output angles" are represented by the computed rotary axis 
angle pair whose slave axis (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 


Mixed type machine 


<1> Of the angle pairs whose master and slave axis angles are both within 
the specified movement range, the rotary axis angle pair whose table 
(second rotary axis) moving angle is smaller represents the "output 
angles." 
+ When the table moving angle is the same 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) moving angle is smaller. 
+ When the tool moving angle is the same 
The "output angles" are represented by the computed rotary axis 
angle pair whose table (second rotary axis) angle is nearer to 0 
degree (multiple of 360 degrees). 
L 





\ When the table angle is equally near to 0 degree 

L 
The "output angles" are represented by the computed rotary axis 
angle pair whose tool (first rotary axis) angle is nearer to 0 degree 
(multiple of 360 degrees). 





Fig. 21.4.1.1 (w) Output judgment conditions 
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When parameter PRI (No.19608#5) is 1, the movement judgements 
for the first rotary axis and second rotary axis are made in reverse 
order. 


/A\ CAUTION 

1 If the lower limit of the movement range is larger 
than the upper limit, alarm PS5459 occurs when 
G43.5 is specified. 
If no "computed angle" is found within the 
movement range because the range is too small, 
alarm PS5459 occurs. 
If 0 is set for both parameters that specify the 
upper and lower limits of the movement range, the 
tool operates assuming that there is no range 
specification. 
When the rotary axis rollover function or rotary axis 
control function is used (in which case, set 
parameter No.1260 (amount of movement per 
rotation of the rotary axis) to 360 degrees), the tool 
does not move beyond 0 degree (360 degrees) 
(does not take the shortcut) if the movement range 
is set between 0 and 360 degrees. Also, do not 
specify a negative value or a value larger than 360 
degrees for the movement range. 





An example of the "movement judgement" process is given below. 
Assume that a tool rotation type or table rotation type machine has 
rotary axis A (master) and rotary axis B (slave) and that there are two 
pairs of basic computed angles as follows: 

(A 61 degree; B 1 degree) 

(A 02 degrees; B 62 degrees) where 01 < 02. 

The "computed angle" is obtained from either of the following 
expressions: "basic computed angle" + 360 degrees x N or "basic 
computed angle" - 360 degrees x N. 

Assume that the current positions and movement ranges of rotary axis 
A (master) and rotary axis B (slave) are as shown in Fig. 21.4.1.1 (x), 
Fig. 21.4.1.1 (y). 


e Computed angle A 


loz + 360 x (N-1) 1) 01+ 360xN | 62+ 360xN lot + 360 (N+ 1), (N + 1) 











360 x N lo" ee x (N + 1) degrees 


[current position | [current poston A | A 


Movement range A 





Fig. 21.4.1.1 (x) Computed angle of rotary axis A and its current 
position and movement range 
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e Computed angle B 


1+ 360x(N-1) | |o2+360xN $1+360xN | |p2 +360 x (N+ 1) 


360 x N degrees Mee x (N + 1) degrees 


Current position B 


<——___——_» 


Movement range B 





Fig. 21.4.1.1 (y) Computed angle of rotary axis B and its current 
position and movement range 


When the two axes have a positional relationship as shown in the 
figure, the output angle of rotary axis A is (02 + 360 x N) degrees and 
that of rotary axis B is (2 + 360 x N) degrees (when parameter PRI 
(No.19608#5) is set to 0). 

More concretely, from the computed angles obtained for rotary axis A, 
the nearest angle within the movement range, i.e. 802 + 360 x N 
degrees, is first adopted. Then, from the computed angles obtained 
for rotary axis B, the angle belonging to the same group as @2, i.e. 2 
+ 360 x N, is adopted. 


Note that, in this example, the output angles and moving direction 
differ depending on whether the movement range is specified or not (0 
to 360 degrees), even if N is set to 0 and coordinates are rounded to 0 
to 360 degrees. 

Namely, if the movement range is not specified, 01 + 360 degrees 
nearest to the current position is adopted as the computed angle for 
rotary axis A and, from the computed angles belonging to the same 
group as 91, o1 degrees nearest to the current position is adopted as 
the computed angle for rotary axis B. Rotary axis A moves in the 
plus direction. As its coordinate is rounded to 360 degrees, rotary 
axis A reaches 01 degrees while moving in the plus direction. 

By contrast, when the movement range is set to 0 to 360 degrees, the 
output angles are (A 02 degrees; B 2 degrees). Neither rotary axis 
A nor B moves in a way that it exceeds 0 degree (360 degrees). 
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21.4.1.2 Leading edge offset 


Overview 


Format 


- Leading edge offset 


Leading edge offset is a type of cutter compensation used when a 
workpiece is machined with the edge of a tool. 
automatically shifted by the amount of cutter compensation on the line 
where a plane formed by a tool vector and tool movement direction 
meets a plane perpendicular to the tool axis direction. 


The tool is 





Reference 
tool fo i 





Tool vector 









Tool used 


Tool center path 
(path after 
compensation) 





Programmed 
Cutter path 
compensation Cutter compensation| 


vector amount 








Fig. 21.4.1.2 (a) Leading edge offset 





G41.3D_; 





- Canceling the leading edge offset 


NOTE 

1 G41.3 can be specified only in the GOO and G01 
modes. Ina block containing G41.3 or G40, only 
addresses D, O, and N can be specified. 
The block that follows a block containing a G41.3 
command must contain a move command. 
In the block after G41.3, however, a tool 


movement in the same direction as the tool axis 
direction or the opposite direction cannot be 
specified. 

No modal G code that belongs to the same group 
as GOO and G01 can be specified in the G41.3 
mode. If such a modal G code is specified, 
alarm PS5460 is issued. 

Leading edge offset does not provide type 2 
commands. It does not allow the tool direction to 
be specified with the |, J, and K commands. 





- 759 - 


21.5-AXIS MACHINING FUNCTION PROGRAMMING B-63944EN/02 


Explanation 
- Operation at startup and cancellation 

The operation performed at leading edge offset startup and 
cancellation does not vary. When G41.3 is specified, the tool is 
moved by the amount of compensation (Vc) in the plane formed by 
the movement vector (Vy) of the block after the G41.3 block and the 
tool vector (V7) obtained at the time of G41.3 specification. The tool 
movement is perpendicular to the tool vector. When G40 is specified, 
the tool is moved to cancel Vc. The following illustrates how the 
compensation is performed: 


<1> When the tool vector is inclined in the tool movement direction 


—_—— > - Toolcenter path 
——> : Programmed path 





Tool compensation vector (V+) 








Fig. 21.4.1.2 (b) When the tool vector is inclined in the tool movement 
direction 


<2> When the tool vector is inclined in the direction opposite to the 
tool movement direction 





—_—_— > : Tool center path 


———~ : Programmed path 


Tool compensation vector (V;) 








Fig. 21.4.1.2 (c) When the tool vector is inclined in the direction 
opposite to the tool movement direction 
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- Operation during compensation 
The tool center moves so that a compensation vector (VC) 
perpendicular to the tool vector (VT) is created in the plane formed by 
the tool vector (VT) at the end point of each block and the movement 
vector (VM) of the next block. 





Tool center path (path after compensation) Vie 








Programmed path Vart 


Vain: Movement vector of block n 

Vn: Tool vector at the end of block n 

Von: Compensation vector of block n (that lies in the plane formed by V;,, and Vyn+1 and 
is perpendicular to V,,) 








Fig. 21.4.1.2 (d) Operation during compensation 


If a G code or M code that suppresses buffering is specified in the 
compensation mode, however, the compensation vector created 
immediately before the specification is maintained. 


When a block specifying no movement (including a block containing 
a move command for a rotary axis only) is specified in the 
compensation mode, the movement vector of the block after the block 
specifying no movement is used to create a compensation vector as 
shown below. 





Tool center path (path after compensation) Vio 








Programmed path 


Voo= Vo3 “There is one block that 
specifies no movement 











Fig. 21.4.1.2 (e) When there is one block that specifies no movement 


If block 3 specifies no movement, the compensation vector of block 2 
(VC2) is created in a plane formed by the movement vector of block 4 
(VM4) and the tool vector (VT2) at the end of block 2. VC2 is 
perpendicular to VT2. 


/A\ CAUTION 
If two or more successive blocks specify no 


movement, the previously created compensation 
vector is maintained. However, such specification 
should be avoided. 
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- Block immediately before the offset cancel command (G40) 
In the block immediately before the offset cancel command (G40), a 
compensation vector is created from the movement vector of that 
block and the tool vector at the end point of the block as shown below. 





Tool center path (path after compensation) 


Programmed path 





Fig. 21.4.1.2 (f) Block immediately before G40 
The compensation vector (VC2) of block 2 is created in a plane 


formed by the tool vector (VT2) at the end point of block 2 and the 
movement vector (VM2) of block 2. VC2 is perpendicular to VT2. 
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- Compensation performed when 6 is approximately 0°, 90°, or 180° 
When the included angle @ between VMn+t1 and VTn is regarded as 
0°, 180°, or 90°, the compensation vector is created in a different way. 
So, when creating a program, note the following points: 


<1> Setting a variation range for determining 8 to be 0°, 180°, or 90° 

When the included angle (0) between the tool vector (VTn) and 
movement vector (VMn+1) becomes approximately 0°, 180°, or 
90°, the system regards 0 as 0°, 180°, or 90°, respectively, then 
creates a compensation vector which is different from the normal 
compensation vector. The variation range used for determining 
0 to be 0°, 180°, and 90° is set in parameter No. 19631. For 
example, let the angle set in this parameter be AO. Then, the 
system regards 0 as follows: 


(1) If0 <@ < AO, 0 is regarded as 0°. 











Fig. 21.4.1.2 (g) Determination of 6 = 0° 


(2) If (180 - A@) < 8 < 180, 0 is regarded as 180°. 











Fig. 21.4.1.2 (h) Determination of 6 = 180° 





(3) If(90—A®) < 8 < (90 + AO), 0 is regarded as 90°. 





40, 








Fig. 21.4.1.2 (i) Determination of 6 = 90° 
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<2> Compensation vector when 0 is regarded as 0° or 180° 
At startup (when G41.3 is specified), alarm PS5408 is issued. 
This means that the tool vector of a block and the movement 
vector of the next block must not point in the same direction or in 
opposite directions at startup. 
At other than startup, the previously created compensation vector 
is maintained without change. 
If the included angles between VT2 and VM3, VT3 and VM4, 
and VT4 and VMS are regarded as 0°, compensation vector VC1 
of block 1 is maintained as compensation vectors VC2, VC3, and 
VC4 of blocks 2, 3, and 4, respectively. 


Tool center path 
(path after compensation) 











Vr3 





Vina Vis 


Fig. 21.4.1.2 (j) When 6 = 0° is determined 
If the included angles between VT2 and VM3, VT3 and VM4, 
and VT4 and VMS are regarded as 180°, compensation vector 
VC1 of block 1 is maintained as compensation vectors VC2, 
VC3, and VC4 of blocks 2, 3, and 4, respectively. 


Tool center path 
(path after compensation) 


Programmed 
path 

















Programmed "=> 


Pi eo -grennnannel lS 
T2 Vrs 











Fig. 21.4.1.2 (k) When 6 = 180° is determined 
<3> Compensation vector when 0 is regarded as 90° 
If the previous compensation vector (VCn-1) points in the 
opposite direction (VMn x VTn-1) x VTn-1 direction) to VMn 
with respect to VTn-1, the current compensation vector (VCn) is 
created so that it also points in the (VMnt1 x VTn) x VTn 


direction. 


Tool center path Vv 
path after compensation) ar 










Programmed io 15 : 
M4 


path Vas 











Fig. 21.4.1.2 (I) When 6 = 90° is determined 1 
If the previous compensation vector (VCn-1) points in the same 
direction (-(VMn x VTn-1) x VTn-1 direction) as VMn with 
respect to VTn-1, the current compensation vector (VCn) is 
created so that it also points in the -(VMn+1 x VTn) x VTn 


direction. 


Tool center path 
(path after compensation) 









esauenivad “oon ; sis 
M4 


path Vs 











Fig. 21.4.1.2 (m) When 6 = 90° is determined 2 
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21.4.1.3 Tool tip position (cutting point) command 


Overview 


For machines having a rotary axis for rotating a tool, this function 
performs cutter compensation for 5-axis machining at the tool tip 
position if a programmed point is specified with a pivot point. 

When this function is used, the programmed point (pivot point) is 
converted into a tool tip position (cutting point) and a vector of cutter 
compensation for 5-axis machining is calculated for the position 
obtained by the conversion. Then, the programmed point (pivot 
point) is compensated for with the vector of cutter compensation for 
5-axis machining. 

If the tool side offset (G41.2/G42.2) of cutter compensation for 5-axis 
machining is performed, the operation of this function is as follows: 


(1) If parameter No. 19632 is 0 
The vector of cutter compensation for 5-axis machining is 
calculated at the programmed point (pivot point). 

(2) If parameter No. 19632 is not 0 (this function) 
The vector of cutter compensation for 5-axis machining is 
calculated at the tool tip position (cutting point). 
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Explanation 
- Operation explanation 


This function calculates a vector at the tool tip position for the cutter 
compensation function for 5-axis machining as described below. 


(1) Convert the programmed coordinates from a programmed point 
(pivot point) to a tool tip position (cutting point). Parameter No. 
19632 is used to store the distance from the programmed point 
(pivot point) to the tool tip position (cutting point). 

(2) Calculate a vector of cutter compensation for 5-axis machining at 
the tool tip position (cutting point). 

(3) Add the cutter compensation vector to the programmed point 
(pivot point). 


Vector of cutter compensation for 5-axis machining conforming to this specification 








i Programmed point (pivot point) 


: Vector of conventional cutter compensation : 
: for 5-axis machining conforming i 










© Vector from programmed point (pivot 
: point) to cutting point i 


Distance from programmed point 
| (pivot point) to cutting point, :. 
| (parameter setting) i 






‘ eo Tool center : 


\, Lb Tool side 











: Cutting point 








Vector of cutter 


: compensation for 5-axis a! 
Kanu, 


: machining conforming to 
this specification 
Fig. 21.4.1.3 (a) Basic operation (for G42.2) 
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For a machine configuration in which the tool axis direction is along 
the Z-axis and the rotary axes are the B and C axes (Fig. 21.4.1.3 (b)) 
LC: Parameter (No. 19632) specifying the distance from the 
programmed point (pivot point) to the tool tip position (cutting 
point) 
b: Specified B-axis value, c: Specified C-axis value 
Q = (Qx,Qy,Qz): Programmed point (pivot point) 
P,R: Programmed points (pivot points) in the preceding and 
succeeding blocks 
QT = (QTx,QTy,QTz): Tool position (tool tip position (cutting point)) 
resulting from conversion 
PT, RT: Tool positions (tool tip positions (cutting positions)) in the 
preceding and succeeding blocks 
Then, 
<1> Convert programmed points (pivot points) P, Q, and R to tool tip 
positions (cutting points) PT, QT, and RT. 
QTx = LC x sin(b) x cos(c) + Qx 
QTy =LC x sin(b) x sin(c) + Qy 
QTz LC x cos(b) + Qz 
(The same applies to PT and RT.) 
<2> Calculate vector VD of cutter compensation for 5-axis machining 
from tool tip positions (cutting points) PT, QT, and RT and tool 
gradient VT. 
<3> Add cutter vector VD to programmed point (pivot point) Q and 
set the result as the end point position. 








Tool tip position 


e3 


Coordinate system of compensation plane 


Cutter compensation vector (VD') is calculated on a compensation plane perpendicular to 
the tool axis direction. 
The cutter compensation vector (VD') on the compensation plane is converted to the 


original Cartesian coordinate system, and the resulting vector is regarded as the cutter 
compensation vector (VD). 








Fig. 21.4.1.3 (b) Operation 
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/A\ CAUTION 
This function is disabled for leading edge offset. 
With a command for a rotary axis only, this function 
does not calculate a cutter compensation vector. 


This function cannot be used in the 
three-dimensional coordinate conversion mode. 

In addition to the cautions given here, the cautions 
on the cutter compensation function for 5-axis 
machining apply to this function. 
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21.4.2 Cutter Compensation in Table Rotation Type Machine 


Overview 


Cutter compensation can be performed for a 5-axis machine having a 
rotary table as shown in Fig. 21.4.2 (a). 

Shown below is a 5-axis machine that has table rotation axis A on the 
X-axis and table rotation axis B on the Y-axis. 

This machine configuration is used as a sample configuration in the 
following explanation unless otherwise noted: 













Table coordinate 


system Workpiece 
sethesers-...,,. } coordinate, syste 





B la ; 
: foes . : X 
Cc» Indicates the direction of machine operation. 


This machine configuration is used as a sample 
eS aaa in the explanation. 

he table coordinate system is rotated according to the Z 
table rotation. It is possible to specify whether to create x 
F part program in the workpiece coordinate system or in 
he table coordinate system, using an appropriate 
arameter. 





Machine coordinate system 





Fig. 21.4.2 (a) Machine having a rotary table 
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Format 


- Startup (start of cutter compensation) (type 1) 
When bit 1 (SPG) of parameter No. 19607 is 0 


G41.2 (or G42.2) IP_ D_; 
G41.2: Cutter compensation left (group 07) 
G42.2: Cutter compensation right (group 07) 
Value specified for axis moving as viewed from the 


programming coordinate system (including rotary 
axis) 

Code specifying the cutter compensation amount (1 
to 3 digits) 





When bit 1 (SPG) of parameter No. 19607 is | 
G41.4 (or G42.4) IP_ D_; 

G41.4: Cutter compensation left (group 07) 

G42.4: Cutter compensation right (group 07) 
Value specified for axis moving as viewed from the 
programming coordinate system (including rotary 
axis) 
Code specifying the cutter compensation amount (1 
to 3 digits) 


NOTE 

1 Ina table rotation type machine (parameter No. 
19680 = 12), if an attempt is made to issue G41.4 or 
G42.4 with SPG, bit 1 of parameter No. 19607, 
equal to 0, alarm PS0010 is generated. 
In a table rotation type machine, if an attempt is 
made to issue G41.2 or G42.2 with SPG, bit 1 of 
parameter No. 19607, equal to 1, alarm PS5460 is 
generated. 
In machine not of the table rotation type machine, if 
an attempt is made to issue G41.4 or G42.4 with 
SPG, bit 1 of parameter No. 19607, equal to 1, 
alarm PS5460 is generated. 
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- Startup (start of cutter compensation) (type 2) 
G41.6(or G42.6) IP_D_Q_; 
IP_|I_J_K_; 


G41.6: Cutter compensation left (group 07) 
G42.6: Cutter compensation right (group 07) 
Value specified for axis moving as viewed from the 
programming coordinate system (including rotary 
axis) 
Code specifying the cutter compensation amount (1 
to 3 digits) 
bas Tool’s angle of gradient (in degrees) 
|_ J_ K_: Tool axis direction at the block end point as 
viewed from the programming coordinate system 
For type 2, do not specify a rotation axis but specify the direction at 
the tool end point as viewed from the programming coordinate system 
(workpiece coordinate system), with I, J, and K. Specifying a 
rotation axis causes alarm PS5460 to be generated. 





In a tool rotation type machine, I, J, and K can be specified in a 
G41.6/G42.6 command block; in a table rotation type machine, 
however, they cannot. If an attempt is made to specify them, alarm 
PS5460 is generated. 
The following are the notes on type 2. 
NOTE 
1 If one or two of I, J, and K are omitted, the omitted 
ones of I, J, and K are assumed to be 0. 
2 Ina block in which all of |, J, and K are omitted, 
the values of |, J, and K in the previous block are 
used. 
If there is only one rotation axis (a hypothetical 
axis is used), type 2 cannot be used. In this 
case, if an attempt is made to issue G41.6/G42.6, 
alarm PS5460 is generated. 
If using the rotation axis rollover function or rotary 
axis control function, specify 360 degrees in 
parameter No. 1260 (mount of travel per rotation 
about the rotation axis). 
They can be used only with the settings that 
select the table coordinate system as a 
programming coordinate system (WKP, bit 5 of 
parameter No. 19696, = 0 and TBP, bit 4 of 
parameter No. 19746, =1). If an attempt is 
made to issue G41.6/G42.6 with the settings that 
select the workpiece coordinate system as a 
programming coordinate system, alarm PS5460 is 
generated. 
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- Canceling the cutter compensation 
G40 IP_; 


- Selecting an offset plane 


G40: Cutter compensation cancellation (group 07) 
IP_: Value specified for axis movement 





When parameter PTC (No. 19746) is 1, compensation is performed on 
the selected plane, on the assumption that the tool is pointing to the 
direction perpendicular to that plane. 


|__ Offset plane__| Plane selection command | _IP__| 

(Example: In the case of Fig. 21.4.2 (a), the XpYp plane is selected.) 
The two axes of a selected plane must be included in the three basic 
axes (the axes for which parameter No. 1022 is set to | to 3). 





When parameter PTC (No. 19746) is 0, compensation is performed on 
the plane perpendicular to the tool direction specified with parameters 
Nos. 19697, 19698, and 19699, regardless of which plane is selected. 


NOTE 
This function is enabled for tool side offset only. _ If 


leading edge offset is specified, alarm PS5460 is 
generated. 
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- Tool's angle of gradient in type 2 


- Cutter compensation 


For type 2 of cutter compensation for 5-axis machining, the tool's 
angle of gradient can be specified with address Q in a G41.6/G42.6 
command block. The tool's angle of gradient refers to the angle by 
which the tool direction to be assumed when machining is actually 
performed is inclined from the direction specified with (I, J, K) toward 
the traveling direction on the plane formed by the tool direction 
specified with (I, J, K) and the traveling direction in the programming 
coordinate system. (See Fig. 21.4.2 (b).) 

Because in general, the normal direction of the machining surface is 
specified with (I, J, K), if it is desired to incline the tool direction to be 
assumed when machining is actually performed from the normal 
direction toward the traveling direction, correction may be performed 
with a Q command. 

If the direction specified with (I, J, K) matches the tool direction to be 
assumed when machining is actually performed, no Q command is 
necessary. 





Traveling : Tool's angle of gradient (Q) 
direction of - 
machining 










Tool directi A 

speared with (I, J, K) é Tool direction to be assumed when 

A é machining is actually performed 
Programmed path 

(path before compensation) 


Tool center path 
(path after compensation) 


Cutter 
compensation 
vector 


Compensation plane 


(Plane perpendicular to the "tool direction to be 
assumed when machining is actually performed") 











Fig. 21.4.2 (b) Tool's angle of gradient in type 2 


The cutter compensation function in table rotation type machines 
basically performs operations in conformance with cutter 
compensation. The operations different from those of cutter 
compensation are mainly described below. For the specifications 
and cautions not mentioned here, see the description of cutter 
compensation. 
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- Startup 


When cutter compensation for the rotary table is specified (G41.2 or 
G42.2, G41.4 or G42.4, a dimension word other than 0 in the offset 
plane, or a D code other than DO) in the offset cancel mode, the CNC 
enters the offset mode. 

Startup is specified with positioning (G00) or linear interpolation 
(G01). 


NOTE 
If acommand such as circular interpolation (G02 or 


G03) and involute interpolation (GO2.2 or G03.2) is 
specified at startup, alarm PS0034 is issued. 





- Commands in the offset mode 


- Offset mode cancellation 


In the offset mode, compensation is performed for positioning (G00) 
and linear interpolation (G01). 


NOTE 
If acommand such as circular interpolation (G02 or 
G03) and involute interpolation (GO2.2 or G03.2) is 


specified in the mode for cutter compensation for 
5-axis machining in a table rotation type machine, 
alarm PS5460 is issued. 





If a block satisfying either of the following conditions is executed in 
the offset mode, the CNC enters the offset cancel mode: 

1 G40 is specified. 

2 0 is specified as a code specifying the cutter compensation 

amount (D code). 

When offset cancellation is to be performed, neither circular (G02 or 
G03) nor involute (G02.2 or G03.2) command can be specified. If 
offset cancellation is specified in such a mode, alarm PS0034 is 
issued. 


Tas 
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- If selecting the table coordinate system as a programming coordinate system 
If TBP, bit 4 of parameter No. 19746, is 1 and WKP, bit 5 of 
parameter No. 19696, is 0, specifying cutter compensation for 5-axis 
machining causes the table coordinate system to be selected as a 
programming coordinate system. The table coordinate system refers 
to the workpiece coordinate system fixed to the table when cutter 
compensation for 5-axis machining. 
In the blocks subsequent to the one in which cutter compensation for 
5-axis machining is specified, the table coordinate system rotates with 
the rotation of the table. 
A linear axis (X, Y, Z) command is assumed to be issued on the table 
coordinate system. 
Specifying linear interpolation causes cutter compensation to be 
performed on the linear interpolation command on the table coordinate 
system. 
The table coordinate system does not rotate with the rotation of the 
tool head. 


The cancel (G40) block becomes a block that suppresses buffering. 


It is possible to switch between absolute and relative coordinate 
displays, using DET, bit 2 of parameter No. 19608, as follows: 
- | When DET is 0, the position in the table coordinate system is 
displayed. 
- | When DET is 1, the position in the workpiece coordinate system 
is displayed. 
Note, however, the distance to go is always that in the programming 
coordinate system. 
NOTE 
1 Either the Al contour control | or Al contour II 
control option is required. In addition, be sure to 
specify the following parameters: 
(1) LRP, bit 1 of parameter No. 1401, = 1: 
Linear rapid traverse 
(2) FRP, bit 5 of parameter No. 19501, = 1: 
Acceleration/deceleration before interpolation 
is used for rapid traverse. 
Parameter No. 1671: Acceleration of 
acceleration/deceleration before interpolation 
for rapid traverse 
Parameter No. 1672: Change time for 
bell-shaped acceleration/deceleration before 
interpolation for rapid traverse 
Parameter No. 1660: Maximum permissible 
acceleration for acceleration/deceleration 
before interpolation 
If they are not specified, alarm PS5483 is 
generated. 
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NOTE 

2 When table rotation axis movement is specified in 
the start block of cutter compensation for 5-axis 
machining, after the movement is completed, the 
workpiece coordinate system is fixed to the table 
and assumed to be a table coordinate system. 


In the mode of cutter compensation for 5-axis 
machining, do not change the workpiece 
coordinate system or change the workpiece offset 
value. If an attempt is made to specify 
workpiece coordinate system selection (G54 to 
G59), alarm PS5460 is generated. 





- If selecting the workpiece coordinate system as a programming coordinate 
system 
If TBP, bit 4 of parameter No. 19746, is 0 or if TBP, bit of parameter 
No. 19746, is 1 and WKP, bit 5 of parameter No. 19696, is 1, the 
programming coordinate system does not rotate with the rotation of 
the table, being fixed to the workpiece coordinate system. 


- Angle of the rotation axis in type 2 
For an explanation of how the rotation axis end point is determined 
when the tool direction is specified with an IJKQ command in type 2, 
see the explanations of cutter compensation in a tool rotation type 
machine, "Angle of the rotation axis in type 2 (if the operating range 
is not specified)" and "Angle of the rotation axis in type 2 (if the 
operating range is specified)". 
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21.4.3 Cutter Compensation in Mixed-Type Machine 


Overview 


This function can perform three-dimensional cutter compensation in a 
5-axis machine having a rotary table and a tool axis as shown in Fig. 
21.4.3 (a). 

Shown below is a 5-axis machine that has tool axis A on the X-axis 
(the tool axis direction is along the Z-axis) and table rotation axis B on 
the Y-axis. 

This machine configuration is used as a sample configuration in the 
following explanation unless otherwise noted: 





Workpiece 
coordinate xX 
system Z 


‘ Y 


Machine 
The table coordinate system is rotated according to the  C00rdinate 
table rotation. It is possible to specify whether to create system 
a part program in the workpiece coordinate system or in 
the table coordinate system, using an appropriate 
parameter. 












Fig. 21.4.3 (a) Machine having a tool rotation axis and table rotation 
axis 
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Format 
- Startup (start of cutter compensation (for mixed-type machine configuration)) 


(type 1) 


When bit 1 (SPG) of parameter No. 19607 is 0 
G41.2 (or G42.2) IP_ D_; 
G41.2: Cutter compensation left (group 07) 
G42.2: Cutter compensation right (group 07) 


IP_: Value specified for axis moving as viewed from the 
programming coordinate system (including rotary axis) 
D_: Code specifying the cutter compensation amount (1 to 3 digits) 





When bit 1 (SPG) of parameter No. 19607 is | 
G41.5 (or G42.5) IP_ D_; 
G41.5: Cutter compensation left (group 07) 
G42.5: Cutter compensation right (group 07) 
IP_: Value specified for axis moving as viewed from the 
programming coordinate system (including rotary axis) 
D_: Code specifying the cutter compensation amount (1 to 3 digits) 


NOTE 

1 In amixed-type machine (parameter No. 19680 = 21), if 
an attempt is made to issue G41.5 or G42.5 with SPG, bit 
1 of parameter No. 19607, equal to 0, alarm PS0010 is 
generated. 
In a mixed-type machine, if an attempt is made to issue 
G41.2 or G42.2 with SPG, bit 1 of parameter No. 19607, 
equal to 1, alarm PS5460 is generated. 
In machine not of the mixed-type machine, if an attempt 
is made to issue G41.5 or G42.5 with SPG, bit 1 of 
parameter No. 19607, equal to 1, alarm PS5460 is 
generated. 





- Startup (start of cutter compensation (for mixed-type machine configuration)) (type 2) 
G41.6 (or G42.6) IP_D_Q_; 
IP_I_J_K_; 


G41.6: Cutter compensation left (group 07) 
G42.6: Cutter compensation right (group 07) 
Value specified for axis moving as viewed from the 


programming coordinate system (including rotary axis) 
Code specifying the cutter compensation amount (1 to 3 
digits) 
Tool’s angle of gradient (in degrees) 
_J_K_: Tool axis direction at the block end point as viewed from 
the programming coordinate system 





- 778 - 


B-63944EN/02 PROGRAMMING _21.5-AXIS MACHINING FUNCTION 


In a mixed-type machine, I, J, and K can be specified in a 
G41.6/G42.6 command block; in a table rotation type machine, 
however, they cannot. If an attempt is made to specify them, alarm 
PS5460 is generated. 
The following are the notes on type 2. 
NOTE 
1 If one or two of I, J, and K are omitted, the omitted 
ones of I, J, and K are assumed to be 0. 
2 Ina block in which all of |, J, and K are omitted, 
the values of |, J, and K in the previous block are 
used. 
If there is only one rotation axis (a hypothetical 
axis is used), type 2 cannot be used. In this 
case, if an attempt is made to issue G41.6/G42.6, 
alarm PS5460 is generated. 
If using the rotation axis rollover function or rotary 
axis control function, specify 360 degrees in 
parameter No. 1260 (mount of travel per rotation 
about the rotation axis). 
They can be used only with the settings that 
select the table coordinate system as a 
programming coordinate system (WKP, bit 5 of 
parameter No. 19696, = 0 and TBP, bit 4 of 
parameter No. 19746, =1). Ifan attempt is 
made to issue G41.6/G42.6 with the settings that 
select the workpiece coordinate system as a 
programming coordinate system, alarm PS5460 is 
generated. 





- Canceling the cutter compensation 
G40 IP_; 
G40: Cutter compensation cancellation (group 07) 
IP_: Value specified for axis movement 


NOTE 


This function is enabled for tool side offset only. _ If 
leading edge offset is specified, alarm PS5460 is 
generated. 
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Explanation 


- Tool's angle of gradient in type 2 
For type 2 of cutter compensation for 5-axis machining, the tool's 
angle of gradient can be specified with address Q in a G41.6/G42.6 
command block. The tool's angle of gradient refers to the angle by 
which the tool direction to be assumed when machining is actually 
performed is inclined from the direction specified with (I, J, K) toward 
the traveling direction on the plane formed by the tool direction 
specified with (I, J, K) and the traveling direction in the programming 
coordinate system. (See Fig. 21.4.2 (b).) 
Because in general, the normal direction of the machining surface is 
specified with (I, J, K), if it is desired to incline the tool direction to be 
assumed when machining is actually performed from the normal 
direction toward the traveling direction, correction may be performed 
with a Q command. 
If the direction specified with (I, J, K) matches the tool direction to be 
assumed when machining is actually performed, no Q command is 
necessary. 





Traveling : Tool's angle of gradient (Q) 
direction of é 
machining 










Tool directi A 
speared with (I, J, K) é Tool direction to be assumed when 


* machining is actually performed 
Programmed path 
(path before compensation) 


Tool center path 
(path after compensation) 


Cutter soe 
compensation 
vector 


Compensation plane 


(Plane perpendicular to the "tool direction to be 
assumed when machining is actually performed") 











Fig. 21.4.3 (b) Tool's angle of gradient in type 2 


- Cutter compensation 

The function for cutter compensation for 5-axis machining in a mixed 
type machine basically performs operations in conformance with 
cutter compensation for 5-axis machining in a tool rotation type 
machine. The operations different from those of cutter compensation 
for 5-axis machining in a tool rotation type machine are mainly 
described below. 

For the specifications and cautions not mentioned here, see the 
description of cutter compensation for 5-axis machining in a tool 
rotation type machine. 


- Startup 
When cutter compensation for 5-axis machining in a mixed type 
machine (G41.2 or G42.2, G41.5 or G42.5, or a D code other than DO) 
is specified in the offset cancel mode, the CNC enters the offset mode. 
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Startup is specified with positioning (G00) or linear interpolation 
(G01). 


NOTE 
If acommand such as circular interpolation (G02 or 


G03) and involute interpolation (GO2.2 or G03.2) is 
specified at startup, alarm PS0034 is issued. 





- Commands in the offset mode 
In the offset mode, compensation is performed for positioning (G00) 
and linear interpolation (G01). 


NOTE 
If acommand such as circular interpolation (G02 or 
G03) and involute interpolation (GO2.2 or G03.2) is 


specified in the mode for cutter compensation for 
5-axis machining in a mixed type machine, alarm 
PS5460 is issued. 





- Offset mode cancellation 

If a block satisfying either of the following conditions is executed in 
the offset mode, the CNC enters the offset cancel mode: 

1 G40 is specified. 

2 0 is specified as a code specifying the cutter compensation 

amount (D code). 

When offset cancellation is to be performed, neither circular (G02 or 
G03) nor involute (G02.2 or G03.2) command can be specified. If 
offset cancellation is specified in such a mode, alarm PS0034 is 
issued. 


NOTE 
1 This function cannot be used in the 
three-dimensional coordinate conversion mode. 


2 In addition to the cautions given here, the cautions 
on the cutter compensation function for 5-axis 
machining apply to this function. 
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- If selecting the table coordinate system as a programming coordinate system 
If TBP, bit 4 of parameter No. 19746, is 1 and WKP, bit 5 of 
parameter No. 19696, is 0, specifying cutter compensation for 5-axis 
machining causes the table coordinate system to be selected as a 
programming coordinate system. The table coordinate system refers 
to the workpiece coordinate system fixed to the table when cutter 
compensation for 5-axis machining. 
In the blocks subsequent to the one in which cutter compensation for 
5-axis machining is specified, the table coordinate system rotates with 
the rotation of the table. 
A linear axis (X, Y, Z) command is assumed to be issued on the table 
coordinate system. 
Specifying linear interpolation causes cutter compensation to be 
performed on the linear interpolation command on the table coordinate 
system. 
The table coordinate system does not rotate with the rotation of the 
tool head. 


The cancel (G40) block becomes a block that suppresses buffering. 


It is possible to switch between absolute and relative coordinate 
displays, using DET, bit 2 of parameter No. 19608, as follows: 
- | When DET is 0, the position in the table coordinate system is 
displayed. 
- | When DET is 1, the position in the workpiece coordinate system 
is displayed. 
Note, however, the distance to go is always that in the programming 
coordinate system. 
NOTE 
1 Either the Al contour control | or Al contour II 
control option is required. In addition, be sure to 
specify the following parameters: 
(1) LRP, bit 1 of parameter No. 1401, = 1: 
Linear rapid traverse 
(2) FRP, bit 5 of parameter No. 19501, = 1: 
Acceleration/deceleration before interpolation 
is used for rapid traverse. 
Parameter No. 1671: Acceleration of 
acceleration/deceleration before interpolation 
for rapid traverse 
Parameter No. 1672: Change time for 
bell-shaped acceleration/deceleration before 
interpolation for rapid traverse 
Parameter No. 1660: Maximum permissible 
acceleration for acceleration/deceleration 
before interpolation 
If they are not specified, alarm PS5483 is 
generated. 
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NOTE 

2 When table rotation axis movement is specified in 
the start block of cutter compensation for 5-axis 
machining, after the movement is completed, the 
workpiece coordinate system is fixed to the table 
and assumed to be a table coordinate system. 


In the mode of cutter compensation for 5-axis 
machining, do not change the workpiece 
coordinate system or change the workpiece offset 
value. If an attempt is made to specify 
workpiece coordinate system selection (G54 to 
G59), alarm PS5460 is generated. 





- If selecting the workpiece coordinate system as a programming coordinate 


system 


If TBP, bit 4 of parameter No. 19746, is 0 or if TBP, bit of parameter 
No. 19746, is 1 and WKP, bit 5 of parameter No. 19696, is 1, the 
programming coordinate system does not rotate with the rotation of 
the table, being fixed to the workpiece coordinate system. 


- Angle of the rotation axis in type 2 


For an explanation of how the rotation axis end point is determined 
when the tool direction is specified with an IJKQ command in type 2, 
see the explanations of cutter compensation in a tool rotation type 
machine, "Angle of the rotation axis in type 2 (if the operating range 
is not specified)" and "Angle of the rotation axis in type 2 (if the 
operating range is specified)". 
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21.4.4 Interference Check and Interference Avoidance 


Overview 
By setting NI5, bit 1 of parameter No. 19608, to 1, this function 
performs an interference check on the plane (compensation plane) 
perpendicular to the tool axis direction regardless of the machine 
configuration. 
If CAV, bit 5 of parameter No. 19607, is set to 1, a vector is generated 
to avoid interference on the same plane. 


Explanation 
- For a tool rotation type machine 
An interference check is performed, as well as interference avoidance, 
with the tool path as projected from the workpiece coordinate system 
(X-Y-Z) onto the compensation plane (X'-Y'-Z') and a compensation 
vector. 

















Fig. 21.4.4 (c) Tool rotation type 


- For a table rotation type machine 
An interference check is performed, as well as interference avoidance, 
with the tool path as converted from the workpiece coordinate system 
(X-Y-Z) into the table coordinate system (X'-Y'-Z') and a 
compensation vector. 

















Fig. 21.4.4 (d) Table rotation type 
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- Interference avoidance 
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An interference check is performed, as well as interference avoidance, 
with the tool path as projected from the workpiece coordinate system 
(X-Y-Z) onto the table coordinate system (X'-Y'-Z') and then onto the 
compensation plane perpendicular to the tool axis direction 
(X"-Y"-Z") and a compensation vector. 

















Fig. 21.4.4 (e) Mixed- type 











Machining program 

N10 X8.010 Y77.91 Z93.345 B21.02 C22.001 
N20 X10.221 YY60.932 291.265 B24.124 
C65.203 

N30 X41.579 Y58.223 Z91.736 B23.457 
C53.887 





Compensation plane N40 





Fig. 21.4.4 (f) Example of interference avoidance 
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Fig. 21.4.4 (f) shows a tool path in the workpiece coordinate system as 
projected onto the compensation plane. 

For interference avoidance, calculation is performed with the tool path 
resulting from looking at up to four blocks ahead. At the start of the 
execution of the N10 block, the system looks at N20 to N50 ahead and 
generates V20 to V40. 

Then, because the movement direction of N30 greatly differs from the 
direction from V20 to V30, V20 and V30 are considered interferences 
and eliminated. Similarly, because the movement direction from 
N30 to N40 greatly differs from the movement direction from V20 to 
V40, V40 is also considered an interference and eliminated. 

Then, the interference avoidance vector Va is generated between N20 
and N50 and use it instead of V20, V30, and V40. At this time, 
because N20 and N50 generally do not intersect, the plane 
perpendicular to the tool axis direction at the N20 end point is 
regarded as a compensation plane, N20 and N50 are projected onto 
this plane, and Va is determined by calculating the intersection point. 


NOTE 
Strictly speaking, if the tool axis direction at the 
N20 end point differs from the tool axis direction 
at the N50 start point, correct intersection point 
calculation is not possible. For this reason, the 
maximum permissible angle by which the tool axis 
directions in the two blocks used to determine the 
interference avoidance vector may differ can be 
set in parameter No. 19636, and if the change in 
tool axis direction is within the range, an 
approximate interference avoidance vector is 
calculated. 
If the maximum angle is exceeded, the 
compensation vector is determined but 
interference avoidance is not performed. 





- If interference avoidance is not possible 
If there are three consecutive interfering blocks, no interference vector 
can be generated. 
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Example 1 in which interference avoidance is not possible 
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N20 to N40 interfere, so that no interference avoidance vector can be 
generated. Too much cutting results. 


Example 2 in which interference avoidance is not possible 

















N10 to N40 interfere, so that no interference avoidance vector can be 
generated. V10 causes an interference alarm. 
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21.4.5 Restrictions 


21.4.5.1 Restrictions common to machine configurations 


- Interference check 


- Corner rounding (G39) 


- Reset 


- Al contour control | and Il 


- Restricted commands 


In the mode for cutter compensation for 5-axis machining, 
interference checks are made using a specified position in the 
workpiece coordinate system and a compensation vector. The 
interference check avoidance function cannot be used. 


In the mode for cutter compensation for 5-axis machining, G39 cannot 
be specified. Specifying G39 causes an alarm. 


Whenever a reset is made in the mode for cutter compensation for 
5-axis machining (G41.2, G42.2, G41.4, G42.4, G41.5, or G42.5), the 
cancel mode (G40) is entered. 


To set the AI contour control I or II mode, the corresponding G code 
must be specified. Specifying cutter compensation for 5-axis 
machining does not automatically place the CNC in the AI contour 
control I or II mode. 


In the mode for cutter compensation for 5-axis machining, the 

following functions are available, but their statuses cannot be 

changed: 

e —Inch/metric input (If an attempt is made to change the status by 
using G20 or G21, alarm PS5000 is issued.) 

e Mirror image (The signal status cannot be changed.) 

e One-digit F code feed (The feedrate cannot be changed by using 
the manual handle.) 
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In the mode for cutter compensation for 5-axis machining, the 
functions listed below cannot be specified. Specifying any of these 
functions results in an alarm. 


Hypothetical axis interpolation ...........ccceeccecceeeceeeeeeeeeceeeeeeeees G07 
Circular interpolation ..........cccccceccesscesseeeseeeseeeseeessecsaeenseenseens G07.1 
Polar coordinate interpolation ...........::ceseeseeteeeneees G12.1, G13.1 
Polar coordinate COMMANA ..........ceeeeeeeeesececeesesseeseeseeeees G15, G16 
Reference position return Check .........ccccceeeseeeteeeteeeeeeeeeeeeeeenes G27 
Reference position retum................05. G28, G29, G30 
SKIP): eadeceata te colses ees cade cunseaced shededeatdeeasds cecteans Asuuetadestitn cetnailee G31 
TPC ACI ss. sisccshed seek beds pjenset Longeeeddeonddee bngedeaeastessbeandSs eneastesdaees G33 
Automatic tool length measurement ............eceeeeceeseeeeeeeeeeeeee G37 
Normal direction control.........ccecceseeseeeeees G40.1, G41.1, G42.1 
Cutter or tool nose radius compensation ............... G41, G42, G39 
Three-dimensional cutter compensation ...........::ccscceseeseeteeeees G41 
Wheel wear COMPENSATION ..........ccceecceesseeseestecsteesecneeeeeeeeneeeees G41 
TOOL OFFS Ct vs. coscdicbscecthes Pirrkeianthiekeee hateaye G45, G46, G47, G48 
Programmable mirror imMage..........eeeeeeseeeeeneeeeeeees G50.1, G51.1 
Local coordinate System ...........ccccecsseesseesseeteceteceeeeeeeeeeeeeneeennes G52 
Machine coordinate system ......... 0... 0c eee eee ee eee G53 
Workpiece coordinate system setting ............006 G54-GS59, G54.1 
Rotary table dynamic fixture offset .........ccecceseseeeeeeeneeeeees G54.2 
Single direction POSitiONINgG..........cceccecsccesseesteesteceteceteeeteeeeeeees G60 
Automatic Comer OVeTTIAC 00... ce ceeceeceeeeetececeeeeeeeceaeeaeeeneeaeenee G62 
Tapping MOE 2x. cass. cakeasecncanatbeceanson cevedstercnagnterecubuereatvessevehenis G63 
Three-dimensional coordinate conversion... G68, G69 
Tilted working plane command .......... ec eeceeeeeereeeeeeee G68.2, G69 
FAS Ure COPYiii a ecilss.ceertaisilia deat Oo ot aaste Ses Tete G72.1, G72.2 
Canned cycle... G73-G79, G80, G81-G89, G98, G99 
Ele@Gtric: Gear DOK vissaces eile sctsesassadisaresdsbelastabevavesFecthneseeivees G80, G81 
Hobbling machine function 00.0.0... cceceeseceteceteceteeeeeeees G80, G81 
External operation fUnCtion ..0.... ce ceeceseeseeeeeeeceeeeeeeecneeeeeeeees G81 
Choppin @ se. dcsdedia.etluataevhe vores leave have Geteasiaae a eeddosteenistels G81.1 
Small hole peck drilling cycle 0... cc eccccsesseceteceteceteeeteeeteeees G83 
Workpiece coordinate system Setting 0.0... c:cesceceeseeereeeteeeees G92 
Workpiece coordinate system presetting .........:cceeeeeteeeeees G92.1 
Feed per revolution ........ccccccccssecssecssecstecseceeceecseeseeeseeeeeneeeaes G95 
Constant surface speed Control ..........ccceeceeeseeseeteeteeees G96, G97 
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- Unavailable functions 


If the following function is specified in the cutter compensation mode 
for 5-axis machining, a warning message is issued: 
e = MDI interruption 


If one of the following functions is specified in the cutter 
compensation mode for 5-axis machining, a PS alarm is issued: 

e Manual interruption operation 

e — Tool retract and recover 


In the cutter compensation mode for 5-axis machining, the following 
functions cannot be used: 

e Twin table control 

e —_ Flexible synchronous control 

e Sequence number comparison and stop (It is not possible to 
cause a stop by sequence number in the cutter compensation 
mode for 5-axis machining.) 

Index table indexing 

Retrace function (Programs using the cutter compensation mode 
for 5-axis machining must not use the retrace function.) 

Rotary axis control 

Manual handle interruption 

External deceleration (External deceleration is not performed.) 
Angular axis control 


Combinations of other NC commands may be restricted. Refer to the 
manual on each function. 
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21.4.5.2 Restriction on tool rotation type 


- Unavailable commands (leading edge offset) 


In the G41.3 mode, the following commands cannot be specified: 
- G functions of group 01 other than G00 and G01 


- Use with tool center point control 


If cutter compensation for 5-axis machining is specified before tool 
center point control when cutter compensation for 5-axis machining 
and tool center point control are specified together, tool center point 
control must be canceled before cutter compensation for 5-axis 
machining is canceled (Example 1). Contrariwise, if tool center 
point control is specified before cutter compensation for 5-axis 
machining, cutter compensation for 5-axis machining must be 
canceled before tool center point control is canceled (Example 2). 














Example 1 Example 2 
G41.2 D1 G43.4 H1 
G43.4 H1 Ae D1 
Gag G40 
G40 G49 














If the specification sequence of G40 and G49 is reversed, alarm 
PS5460 is issued. 


When cutter compensation for 5-axis machining is specified before 
tool center point control, the block for canceling tool center point 
control suppresses buffering. Note that, as a result, the block before 
the G49 block generates a compensation vector for cutter 
compensation for 5-axis machining, which is perpendicular to the 
movement. 

For each of cutter compensation for 5-axis machining and tool center 
point control for 5-axis machining, two commands, type | and type 2, 
are provided. Be sure to specify commands of the same type. If 
commands of different types are specified, alarm PS5460 is issued. 
When the tool is tilted by address Q in type 2 command specification, 
if Q is specified in both of the block for starting tool center point 
control for 5-axis machining and the block for starting cutter 
compensation for 5-axis machining, the Q command specified earlier 
becomes valid. 
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21.4.5.3 Restriction on machine configurations having table rotation 
axes (table rotation type and mixed-type) 


- Unavailable commands 
For machines having table rotation axes, the following commands 
cannot be specified during cutter compensation for 5-axis machining: 
- G functions of group 01 other than G00 and GOI 


- Use with tool center point control 
When the workpiece coordinate system is used as the programming 
coordinate system, the same restrictions as for the tool rotation type 
apply. See "Use with tool center point control" in the restrictions on 
the tool rotation type described previously. 
When the table coordinate system is used as the programming 
coordinate system, the restrictions to apply will be explained below. 


- Restrictions when the table coordinate system is used as the programming 
coordinate system 


Use with tool center point control 

When cutter compensation for 5-axis machining and tool center point 
control for 5-axis are specified together, tool center point control must 
be specified before cutter compensation. In addition, tool center 
point control must be canceled after cutter compensation for 5-axis 
machining is canceled. (Example 1) 

If tool center point control is specified in the cutter compensation 
mode for 5-axis machining (Example 2), or if tool center point control 
is canceled without canceling cutter compensation for 5-axis 
machining (Example 3), alarm PS5460 is issued. 




















Example 1 Example 2 Example 3 
(Correct (Specification (Specification 
specification) resulting in resulting in 
alarm) alarm) 

G43.4 H1 

: G41.2 D1 G43.4 H1 
G41.2 D1 : : 

: G43.4 H1 G41.2 D1 
G40 : : 

: G49 
G49 
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If the setting of the programming coordinate system differs between 
cutter compensation for 5-axis machining and tool center point control 
for 5-axis machining, specifying both functions together results in 
alarm PS5460. (See the following table:) 





Tool center point Table 
control for 5-axis | coordinate 
machining system 
Cutter Workpiece 
compensation for | coordinate 
5-axis machining system 
Both specified Alarm 
together PS5460 
Programming coordinate system determined by bit 4 (TBP) of 
parameter No. 19746 and bit 5 (WKP) of parameter No. 19696 





Workpiece Table Workpiece 
coordinate | coordinate | coordinate 
system system system 

















The table rotation axis position at the start of tool center point control 
for 5-axis machining and the table rotation axis position at the start of 
cutter compensation for 5-axis machining must always match. 
Each programming coordinate system matches the workpiece 
coordinate system used when each function is started. 
If these functions are started when their table rotation axis positions 
differ, the programming coordinate system for tool center point 
control for 5-axis machining and the programming coordinate system 
for cutter compensation for 5-axis machining do not match, which 
results in alarm PS5460. 
Example: When the A-axis is the table rotation axis: 
(Correct example) 

G90 G00 A0.0 

G43.4 H1 

G01 Z100.0 F1000. 

G41.2 Dl << After G43.4 is specified, G41.2 is specified 

without A-axis movement. 


(Wrong example) 
G90 G00 A0.0 
G43.4 H1 
G01 Z100.0 A30.0 F1000. 
G41.2D1 << After G43.4 is specified, A-axis movement is 
made, then G41.2 is specified. 


* Furthermore, no A-axis command can be 
included in the block specifying G41.2. 


For each of cutter compensation for 5-axis machining and tool center 
point control for 5-axis machining, two commands, type | and type 2, 
are provided. Be sure to specify commands of the same type. If 
commands of different types are specified, alarm PS5460 is issued. 

When the tool is tilted by address Q in type 2 command specification, 
if Q is specified in both of the block for starting tool center point 
control for 5-axis machining and the block for starting cutter 
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compensation for 5-axis machining, the Q command specified earlier 
becomes valid. 

Deceleration at a corner 
Under cutter compensation for 5-axis machining, the controlled point 
may move along a curve even if a straight-line command is issued. 
Some commands may cause a corner movement. 
For this reason, the tool may decelerate if small values are set as the 
permissible speed difference in a corner (parameter No. 1783) and 
permissible acceleration (parameter Nos. 1660 and 1737). 


Specifiable G codes 

When the table coordinate system is used as the programming 

coordinate system, the G codes that can be specified in the cutter 

compensation mode for 5-axis machining are listed below. 

Specifying a G code other than these codes results in alarm PS5460: 

- Positioning (G00) 

- Linear interpolation (G01) 

- Dwell (G04) 

- Exact stop (G09) 

- Programmable data input (G10) 

- Programmable data input mode cancel (G11) 

- Plane selection (G17/G18/G19) 

- Stored stroke check function (G22/G23) 

- Cutter or tool nose radius compensation : preserve vector (G38) 

- Cutter or tool nose radius compensation : comer circular 
interpolation (G39) 

- Cutter compensation : cancel (G40) 

- Tool length compensation cancel (G49) 

- Scaling (G50/G51) 

- Exact stop mode (G61) 

- Automatic corner override mode (G62) 

- Cutting mode(G64) 

- Macro call (G65) 

- | Macro modal call A (G66) 

- Macro modal call B (G66.1) 

- | Macro modal call A/B cancel (G67) 

- Absolute programming (G90) 

- Incremental programming (G91) 
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Modal G codes that allow specification of cutter compensation for 5-axis 
machining 
When the table coordinate system is used as the programming 
coordinate system, cutter compensation for 5-axis machining can be 
specified in the modal G code states listed below. 
In a modal state other than the following modal G codes, specifying 
tool center point control results in alarm PS5421. 


- Modal G codes included in "Specifiable G codes" described 
previously 

- Polar coordinate interpolation mode cancel (G13.1) 

- Polar coordinates command cancel (G15) 

- Input in inch (G20 (G70)) 

- Input in mm (G21 (G71)) 

- Polygon turning cancel (G50.2) 

- | Workpiece coordinate system | selection (G54 to G59) 

- Canned cycle cancel (G80) 

- Constant surface speed control cancel (G97) 

- Canned cycle : return to initial level (G98) 

- Canned cycle : return to R point level (G99) 


- Coordinate system rotation start or 3-dimensional coordinate 
conversion mode on (G69) 

- Feed per minute (G94) 

- Polar coordinate interpolation mode cancel (G1 13) 


- Mirror image for double turret off/balanced cutting mode cancel 
(G69) 

- Coordinate system rotation cancel or 3-dimensional coordinate 
conversion mode off (G69.1) 

- Feed per minute (G98 (G94)) 


Specification of axes not relating to cutter compensation for 5-axis machining 
Axes not relating to cutter compensation for 5-axis machining cannot 
be specified. Ifsuch an axis is specified, alarm PS5460 is issued. 
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O100 is a sample program. 

This is an example in which each side of a square is cut at an angle of 
30 degrees on the B-axis in a mixed-type machine. 

Programs | to 3 all perform the same machining. 


Program |: Type 1 and the table coordinate system is selected as a 
programming coordinate system 








0100 (Sample Program1) ; 


N10 G55 ; 


N20 G90 X0 YO Z300.0 BO CO ; 
N30 G01 G43.4 HO1 240.0 F500. ; 


N40 G41.2 DO1 


N50 X50.0 Y50.0 220.0 B30.0 C45.0 ; 


N60 X-50.0 C135.0 ; 


N70 X-100.0 Y-100.0 C225.0 ; 


N80 X100.0 C315.0 ; 
N90 X50.0 Y50.0 C405 


0; 


N100 XO YO 240.0 BO C360.0 ; 


N110 G40 
N120 G49 2300.0 ; 


N130 M30; 


Preparations for the programming coordinate system 
Movement to the initial position 

Start of tool center point control 

H01 is a tool length compensation number 

Start of cutter compensation 

D01 is a tool cutter compensation number 

The Z-axis height on the machining plane is 20.0. 


Cutter compensation cancellation 
Tool center point control cancellation 
Movement to the initial position on the Z-axis 








Program 2: Type | and the workpiece coordinate system is selected 
as a programming coordinate system 
(Note that the values specified in N50 to N90 differ from those in 


program 1.) 








0100 (Sample Program2) ; 


N10 G55 ; 


N20 G90 X0 YO Z300.0 BO CO ; 
N30 G01 G43.4 H0O1 240.0 F500. ; 


N40 G41.2 DO1 


N50 X70.711 YO 220.0 B30.0 C45.0 ; 


N60 C135.0 ; 
N70 X141.421 C225.0 
N80 C315.0 ; 
N90 X70.711 C405.0 ; 


N100 X0 YO 240.0 BO C360.0 ; 


N110 G40 
N120 G49 Z300.0 ; 


N130 M30; 


Preparations for the programming coordinate system 
Movement to the initial position 

Start of tool center point control 

H01 is a tool length compensation number 

Start of cutter compensation 

D01 is a tool cutter compensation number 

The Z-axis height on the machining plane is 20.0. 


Cutter compensation cancellation 
Tool center point control cancellation 
Movement to the initial position on the Z-axis 
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Program 3: When the type 2 is used: 
(The table coordinate system is selected as a 
programming coordinate system) 





0100 (Sample Program3) ; 


N10 G55 ; Preparations for the programming coordinate system 
N20 G90 XO YO Z300.0 BO CO; Movement to the initial position 
N30 G01 G43.5 HO1 240.0 F500. ; Start of tool center point control 
H01 is a tool length compensation number 
N40 G41.6 DO1 Start of cutter compensation 


D01 is a tool cutter compensation number 
N50 X50.0 Y50.0 220.0 135.355 J35.355 K86.603 ; The Z-axis height on the machining plane is 20. 
N60 X-50.0 I-35.355 J35.355 K86.603 ; 
N70 X-100.0 Y-100.0 I-35.355 J-35.355 K86.603 ; 
N80 X100.0 135.355 J-35.355 K86.603 ; 
N90 X50.0 Y50.0 135.355 J35.355 K86.603 ; 
N100 X0 YO Z40.0 K1.0; 
N110 G40 Cutter compensation cancellation 
N120 G49 Z300.0 ; Tool center point control cancellation 
Movement to the initial position on the Z-axis 
N130 M30; 











By using type 2 as in program 3, the same program can be used with 
machines with different configurations, regardless of whether the 
machine configuration is the tool rotation type, table rotation type, or 
mixed-type. 





Composite type (tool rotation axis: B-axis - table rotation axis: 


C-axis - tool axis: Z direction 





Rotation center of 


B-axis B 


Rotation center of 


Z C-axis 





G55 
Workpiece coordinate system 











Fig. 21.4.6 (a) Machine configuration for example 
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Fig. 21.4.6 (b) shows the attitudes of the workpiece (object to be 
machined) and the tool head (relative to the workpiece (object to be 
machined)) as viewed in the positive Z direction of the programming 
coordinate system fixed to the table (table coordinate system). 


Operation as viewed from the table coordinate system 








(X-50.0, Y50.0) (X50.0,Y50.0) 





(X-100.0, Y- 100.0) (X- 100.0, ¥- 100.0) 











Fig. 21.4.6 (b) Illustration of example 
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Block N60 Operation at control point 
(machine coordinate values) 





Exploded view of each block 


(C 135.0) 






(C 45.0) 


X'Y': Table coordinate system 
X''Y" : Workpiece coordinate system 


Block N70 











Fig. 21.4.6 (c) Exploded View of Each Block (1) 
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Block N80 







(C 315.0) 


(C 225.0) 


Block N90 


(C 405.0) 





(C 315.0) 











Fig. 21.4.6 (d) Exploded View of Each Block (2) 
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2 2 MUITI-PATH CONTROL FUNCTION 
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22.1 


OVERVIEW 


The multi-path control function is designed to enable 10 independent 
simultaneous machining with up to 10 paths (10-path control). This 
function is applicable to lathes and automatic lathes which perform 
cutting simultaneously with multiple tool posts, combined machine 
tools which perform turning and milling simultaneously with multiple 
paths, and machines which require additional control paths such as a 
loader control path. 


For multi-path simultaneous machining, each machining program is 
stored in a folder in program memory for each path. When automatic 
operation is to be performed, each path is activated after selecting a 
program for machining with path | and programs for machining with 
paths 2 to 10 from the programs stored in the respective folders in 
program memory. Then the programs selected for the tool posts are 
executed independently at the same time. When tool post 1 and 
tool post 2 need to wait for each other during machining, the waiting 
function is available. 

Other available functions specific to multi-path control include 
interference check for each path, balance cut, synchronous control, 
mixture control, spindle control between each path, and common 
memory between each path. 


Just one LCD/MDI is provided for the all paths. Before operation 


and display on the LCD/MDI, the path selection signal is used to 
switch between the paths. 
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Example) For asystem with four paths 





























LCD/MDI 
: Program memory 
| e Program folder for path Path 1 Path1 | |Path 1 axis 
—+—_ f= 1 program position control 
= | S analysis control 
| I Sean. Ill 
HBomooonm Sy [Programs _|H 

















=e 
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fl 
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Program folder for path Path 2 Path 2 Path 2 axis 
2 program position control 
analysis control 










































































































































































Programs | 


Program as for path Path 3 Path 3 Path 3 axis 


program position control 
Programs ll 


analysis control 
Program folder for path 
4 


SV 


Path 4 Path 4 Path 4 axis 
program position control 
analysis control 


aD 
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22.2 WAITING FUNCTION FOR PATHS 


Overview 

Control based on M codes is used to cause one path to wait for the 
other during machining. When an M code for waiting is specified in 
a block for one path during automatic operation, the other path waits 
for the same M code to be specified before staring the execution of the 
next block. 

A range of M codes used as M codes for waiting is to be set in the 
parameters (Nos. 8110 and 8111) beforehand. Waiting can be 
ignored using a signal. 


Format 





M m (Pp) ; 

m: Number of an M code for waiting 

p: (1)In the binary value specification mode, specify the 
sum of the binary values corresponding to the 
numbers of paths which are to wait for one 
another. 

(2) In the path number specification mode, specify 

the numbers of all paths that are to wait for one 
another in combination. 











Explanation 

The following two methods for specifying paths which are to wait for 
one another at address P in the same block in which an M code for 
waiting is specified are available and can be selected using bit 1 
(MWP) of parameter No. 8103. One method is to specify the paths 
with the sum of their corresponding binary values (waiting set for 
three or more paths specified with binary values). The other is to 
specify them with their path numbers in combination (waiting 
specified with path numbers). 

When address P is not specified, paths 1 and 2 wait for each other 
(waiting set for two paths). Always specify address P in a single 
block. 


- 804 - 


B-63944EN/02 PROGRAMMING _22.MUITI-PATH CONTROL FUNCTION 


- Waiting specified with binary values 
When bit 1 (MWP) of parameter No. 8103 is set to 0, the value 
specified at address P is assumed to be obtained using binary values. 
The following table lists the path numbers and corresponding binary 
values. 


Path number Binary value geome number) 





lL Path 1 (2° = 1) 
Path 2 (2' = 2) 
Path 3 (2? = 4) 
Path 4 (2° = 8) 
Path 5 (2 = 16) 
Path 6 (2° = 32) 
Path 7 (2° = 64) 
Path 8 (2’ = 128) 
Path 9 (2° = 256) 
Path 10 (2° = 512) 


To make all of paths 1, 2, and 3 wait for one another, the P value is 
obtained as follows: 


Binary value of path | 1 (0000 0000 0000 0001) 
Binary value of path 2. 2 (0000 0000 0000 0010) 
Binary value of path 3 4 (0000 0000 0000 0100) 

Sum 7 (0000 0000 0000 0111) 





All of the three paths can be made to wait for one another by 
specifying P7 together with an M code for waiting. 

To make all of paths 1, 3, 5, 7, and 9 wait for one another, the P value 
is obtained as follows: 


Binary value of path 1 1 (0000 0000 0000 0001) 
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Binary value of path 3 4 (0000 0000 0000 0100) 
Binary value of path 5 16 (0000 0000 0001 0000) 
Binary value of path 7 64 (0000 0000 0100 0000) 
Binary value of path 9 256 (0000 0001 0000 0000) 
Sum 341 (0000 0001 0101 0101) 





All of the five paths can be made to wait for one another by specifying 
P341 together with an M code for waiting. 


- Waiting specified with a combination of path numbers 
When bit 1 (MWP) of parameter No. 8103 is set to 1, the value 
specified at address P is assumed to be a combination of path numbers. 
The following table lists the path numbers and corresponding values. 


Path number Value (decimal number) 





To make all of paths 1, 2, and 3 wait for one another, the P value is a 
number consisting of 1, 2, and 3. 
Example) P123 
There are no restrictions on the order in which the numeric characters 
are specified, the following six possible values can be specified: 
P123, P132, P213, P231, P312, P321 
Path numbers specified in combination in different orders for different 
paths are effective as long as the numbers of the relevant paths are 
specified. 
Example) The following are treated as the same P value and 
these paths can be made to wait for one another: 
M200P123 for path 1, M200P231 for path 2, and 
M200P321 for path 3 


To make all of paths 1, 3, 5, 7, and 9 wait for one another, the P value 


is anumber consisting of 1, 3, 5, 7, and 9. 
Example) P13579 
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To make path 10 and another path wait for each other, specify a value 
of 0 for the combination. 
If a number begins with 0, 0 cannot be recognized. Specify 0 in the 
second or subsequent digit from the left. 

Incorrect example) P013579 

Correct example) P103579 
In the incorrect example, the P value is assumed to be the same as 
P13579. Path 10 cannot be made to wait for other paths and other 
paths cannot be made to wait for path 10. 


- When the value specified at P is obtained using binary values 


Assume that the waiting ignore signal for path 2 (bit 7 of G1063 for a 
system with three or more paths) is set to 1 and M101 to M103 
(parameter No. 8110 = 101 and parameter No. 8111 = 103) are set as 
M codes for waiting. In this case, programs 0100, 0200, and 0300 
for individual paths are executed as follows: 


Path 1 Path 2 Path 3 


00100; 
G50 X___ Z 


GOO X__ Z___— T0101; GOO X__ Z____- T0202; 
M03 S1000; 





00200; 
G50 X__ Z 


00300; 
G50 X__ Z_ 


GOO X_ Z_ 
M03 $2000; M102 P7; ..... eee <2> 
M101 PS}... cei <1> 


GO1X__ Zo 





<<Waiting (M102)>> 





<1> M101 P3; (making paths 1 and 2 wait for each other) 
When the waiting ignore signal for path 2 is set to 0, paths 1 and 
2 wait for each other. Because the signal is set to 1, however, 
paths 1 and 2 ignore the M code for waiting and immediately 
execute the next block. 

<2> M102 P7; (making paths 1, 2, and 3 wait for one another) 
In this example, path 3 waits for processing on paths | and 2 to 
terminate. Because the waiting ignore signal for path 2 is set to 
1, however, path 3 assumes that waiting is completed when 
processing on path | terminates, and executes the next block. 


- 807 - 


22.MUITI-PATH CONTROL FUNCTION PROGRAMMING B-63944EN/02 


<3> M103 P7; (making paths 1, 2, and 3 wait for one another) 
In this example, paths 1 and 2 wait for processing on path 3 to 
terminate. Because the waiting ignore signal for path 2 is set to 
1, however, path 2 does not wait for processing on path 3 to 
terminate and executes the next block, but path | waits for path 
2 


- When the value specified at P is obtained using path numbers in combination 


Assume that the waiting ignore signal for path 2 (bit 7 of G1063 for a 
system with three or more paths) is set to 1 and M101 to M103 
(parameter No. 8110 = 101 and parameter No. 8111 = 103) are set as 
M codes for waiting. In this case, programs 0100, 0200, and 0300 
for individual paths are executed as follows: 


Path 1 Path 2 Path 3 


00100; 


G50 X__ Z_ 
GOO X__ Z_ 


M03 S1000; 





00200; 

G50 X__ Z_ 
T0101; G00 X__ Z____- T0202; 

M03 S2000; 

M101 P12)... <1> 

G01 X__ Ze 


00300; 
G50 X__ Z_ 


G00 X__ Z____ T0303; 
M102 P123; ...... <2> 





<<Waiting (M102)>> 


M102 P123; ........ <2> 


M103 P123; ........ <3> 


M103 P123; ....... <3> 


GOO X__ Z_ 





<1> M101 P12; (making paths | and 2 wait for each other) 
When the waiting ignore signal for path 2 is set to 0, paths 1 and 
2 wait for each other. Because the signal is set to 1, however, 
paths 1 and 2 ignore the M code for waiting and immediately 
execute the next block. 

<2> M102 P123; (making paths 1, 2, and 3 wait for one another) 
In this example, path 3 waits for processing on paths | and 2 to 
terminate. Because the waiting ignore signal for path 2 is set to 
1, however, path 3 assumes that waiting is completed when 
processing on path | terminates, and executes the next block. 

<3> M103 P123; (making paths 1, 2, and 3 wait for one another) 
In this example, paths 1 and 2 wait for processing on path 3 to 
terminate. Because the waiting ignore signal for path 2 is set to 
1, however, path 2 does not wait for processing on path 3 to 
terminate and executes the next block, but path | waits for path 
2; 
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/\ CAUTION 
An M code for waiting must always be specified in a 
single block. 
Unlike other M codes, the M code for waiting is not 
output to the PMC. 
If the operation of a single path is required, the M 
code for waiting need not be deleted. By using the 
signal to specify that waiting be ignored (NOWT for 
the system with two paths, NMWT for the system 
with three or more paths), the M code for waiting in 
a machining program can be ignored. For details, 
refer to the manual supplied by the machine tool 
builder. 
If using a waiting M code in block multiple-M code 
command mode, be sure to specify it as the first M 
code. 
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22.3 | COMMON MEMORY BETWEEN EACH PATH 


Overview 
In a multi-path system, this function enables data within the specified 
range to be accessed as data common to all paths. The data includes 
tool compensation memory and custom macro common variables. 
Explanation 


The path common memory function enables the following operations. 


- Tool compensation memory 
Part or all of tool compensation memory for individual paths can be 
used as common data by setting parameter No. 5029. 


Tool offset pairs of path Tool offset pairs of path 


1 on lathe system 2 on lathe system 







Tool 
compensation 


number 1 
No.5029=20 30 tool 
offset 


Tool 
compensation 
number 20 


NOTE 

1 When a combined system including a machining 
center system and lathe system is used, data is 
made common according to the same path control 
type. 
The same unit for tool compensation (bits 0 to 3 of 
parameter No. 5042) must be set for each of the 
machining center and lathe systems. 
Set a value less than the number of tool 


compensation values for each path for parameter 
No. 5029. 


If the value set for parameter No. 5029 is greater 
than the number of tool compensation values for 
each path, the minimum number of tool 
compensation values for individual paths is 
assumed. 

For details, refer to the relevant manual of the 
machine tool builder. 
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- Custom macro common variables 


All or part of custom macro common variables #100 to #149 (, #199, 
or #499) and #500 to #599 (or #999) can be used as common data by 
setting parameters Nos. 6036 (#100 to #149 (, #199, or #499)) and 
6037 (#500 to #599 (or #999)). 


Macro variables Macro variables 
for path 1 for path 2 


No.6036=20 50 macro 50 macro 
variables variables 


Macro variable number 100: 





Macro variable number 119 





NOTE 


1 If the value of parameter No. 6036 or 6037 exceeds 
the maximum number of macro common variables, 


the maximum number of macro common variables 
is assumed. 

Common variables #150 to #199, #150 to #499, 
and #600 to #999 are optional functions. 
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22.4 


Overview 


SPINDLE CONTROL BETWEEN EACH PATH 


This function allows a workpiece attached to one spindle to be 
machined simultaneously with two tool posts and each of two 
workpieces attached to each of two spindles to be machined 


simultaneously with each of two tool posts. 





Tool post 1 


Spindle 





Tool post 2 








Fig. 22.4 (a) Application to a lathe with one spindle and two tool posts 











Tool post 1 


Spindle 2 





Tool post 2 








Fig. 1.1 (b) Application to a lathe with two spindles and two tool posts 


The spindle belonging to each path can generally be controlled by 
programmed commands for the path. With path spindle command 
selection signals, programmed commands for any path can control the 
spindle belonging to any path. 


NOTE 


For the method of spindle command selection, refer 
to the relevant manual of the machine tool builder. 
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22.5 SYNCHRONOUS CONTROL, MIXTURE CONTROL, AND 
SUPERPOSITION CONTROL 


Overview 
In multi-path control, the synchronous control function, mixture 
control function, and superimposed control function enable 
synchronous control, mixture control, and superimposed control in a 
single system or between multiple systems. 

Explanation 


- Synchronous control 


e Synchronizes movement along an axis of one system with that 
along an axis of the other system. 
Example) 
Synchronizing movement along the Z1 (master) and Z2 (slave) 
axes (in the case of turning) 


z 


Workpiece 









Turret 1 





<—_ 
Z1 Z2 (Synchronized with 
movement along the 21 axis) 


Machining according to a program for 
system 1 
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e Synchronizes movement along an axis of one system with that 
along another axis of the same system. 
Example) 
Synchronizing movement along the Z1 (master) and B1 (slave) 
axes (in the case of turning) 









al 











- Mixture control 


e Exchanges the move commands for different axes of different 
system. 


Example) 
Exchanging the commands for the X1 and X2 axes (in the case 
of turning) 
— Upon the execution of a command programmed for system 
1, movement is performed along the X2 and Z1 axes. 
Upon the execution of a command programmed for system 
2, movement is performed along the X1 and Z2 axes. 









Machining according to a program 
for system 1 


Turret 1 


‘\Workpiece 2 





x2 ‘“ waisesheswéasteceaces 
Machining according to 
a program for system 2 


Turret 1 
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- Superimposed control 
e Provides a move command of an axis for a different axis in another 
system. 
Example) 
Providing the Z2 (slave) axis with a move command specified 
for the Z1 (master) axis (in the case of turning) 











Turret 1 Machining according to 


a a program for system 1 


Workpiece 1 


ia X2 
pacedsvevveesteecedsevecess et Turret 2 


Machining according to a program for 
system 2 











NOTE 
The method used to specify synchronous, mixture, 


or superimposed control varies with the machine 
tool builder. For details, refer to the manual 
supplied by the machine tool builder. 





- 815 - 


Il. OPERATION 


B-63944EN/02 OPERATION 1.GENERAL 


GENERAL 
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1.1 MANUAL OPERATION 





Explanation 

- Manual reference position return 
The CNC machine tool has a position used to determine the machine 
position. 
This position is called the reference position, where the tool is 
replaced or the coordinate are set. Ordinarily, after the power is 
turned on, the tool is moved to the reference position. 
Manual reference position return is to move the tool to the reference 
position using switches and pushbuttons located on the operator's 
panel. (See Section HI-3.1) 


Reference position 


Tool 


Machine operator's panel 

















Fig. 1.1 (a) Manual reference position return 


The tool can be moved to the reference position also with program 
commands. 

This operation is called automatic reference position return (See 
Section II-6). 
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- The tool movement by manual operation 
Using machine operator's panel switches, pushbuttons, or the manual 
handle, the tool can be moved along each axis. 





Machine operator's panel 





|_ Manual pulse 
generator 














Workpiece 











Fig. 1.1 (b) The tool movement by manual operation 


The tool can be moved in the following ways: 


(i) 


(it) 


(iii) 


Jog feed (See Section HI-3.2) 

The tool moves continuously while a pushbutton remains 
pressed. 

Incremental feed (See Section IH-3.3) 

The tool moves by the predetermined distance each time a button 
is pressed. 

Manual handle feed (See Section III-3.4) 

By rotating the manual handle, the tool moves by the distance 
corresponding to the degree of handle rotation. 
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1.2 TOOL MOVEMENT BY PROGRAMING - AUTOMATIC 
OPERATION 


Automatic operation is to operate the machine according to the created 
program. It includes memory, MDI and DNC operations. (See Section 
IlI-4). 


Program 





01000 ; 
MST; 
G92X_ ; 


Tool 





























Fig. 1.2 (a) Tool Movement by programming 


Explanation 

- Memory operation 
After the program is once registered in memory of CNC, the machine 
can be run according to the program instructions. This operation is 
called memory operation. 





Machine 















































Fig. 1.2 (b) Memory operation 
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- MDI operation 
After the program is entered, as an command group, from the MDI 
keyboard, the machine can be run according to the program. This 
operation is called MDI operation. 


CNC MDI keyboard Machine 
































iS Ih Manual program 
\/ input 




















Fig. 1.2 (c) MDI operation 


- DNC operation 
In this mode of operation, the program is not registered in the CNC 
memory. It is read from the external input/output devices instead. 
This is called DNC operation. This mode is useful when the program 
is too large to fit the CNC memory. 
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1.3 AUTOMATIC OPERATION 


Explanation 
- Program selection 


- Start and stop 








Select the program used for the workpiece. Ordinarily, one program 
is prepared for one workpiece. If two or more programs are in memory, 
select the program to be used, by searching the program number 
(Section III-9.3). 


Programs in memory 


Automatic 
operation 
Search for desired program by 
file name or program number. 





Fig. 1.3 (a) Program selection for automatic operation 


Pressing the cycle start pushbutton causes automatic operation to start. 
By pressing the feed hold or reset pushbutton, automatic operation 
pauses or stops. By specifying the program stop or program 
termination command in the program, the running will stop during 
automatic operation. When one process machining is completed, 
automatic operation stops. (See Section III-4) 


Cycle start Sas 


Feed hold 
Reset 





Automatic 
operation 














Stop caused 
] by program 


Program stop 
Program end 


Fig. 1.3 (b) Start and stop for automatic operation 
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- Handle interruption 
While automatic operation is being executed, tool movement can 
overlap automatic operation by rotating the manual handle. (See 
Section III-4.4) 
Tool position 
during automatic 


Tool position after operation 
handle interruption 


Programmed 
depth of cut 


ea! 


ye 


Depth of cut 
by handle 
interruption 





Fig. 1.3 (c) Handle interruption for automatic operation 
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1.4 TESTING A PROGRAM 


Before machining is started, the automatic running check can be 
executed. 

It checks whether the created program can operate the machine as 
desired. 

This check can be accomplished by running the machine actually or 
viewing the position display change (without running the machine) 
(See Section III-5). 


1.4.1 Check by Running the Machine 


Explanation 
- Dry run 


- Feedrate override 


Remove the workpiece, check only movement of the tool. Select the 
tool movement rate using the dial on the operator's panel. (See Section 
II-5.4) 











Fig. 1.4.1 (a) Dry run 


Check the program by changing the feedrate specified in the program. 
(See Section HI-5.2) 


Feedrate specified by program | 
100 mm/min. 


Feedrate after feed rate 
override (20%) : 20 mm/min. 


Workpiece 





Fig. 1.4.1 (b) Feedrate override 
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When the cycle start pushbutton is pressed, the tool executes one 
operation then stops. By pressing the cycle start again, the tool 
executes the next operation then stops. The program is checked in this 
manner. (See Section III-5.5) 


Workpiece 





Fig. 1.4.1 (c) Single Block 
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1.4.2 Howto View the Position Display Change without Running 
the Machine 


Explanation 
- Machine Lock 


















































The tool remains stopped, and only the 


[oo] positional displays of the axes change. 





Fig. 1.4.2 (a) Machine Lock 


- Auxiliary function lock 
When automatic running is placed into the auxiliary function lock 
mode during the machine lock mode (See Sections III-5.1), all 
auxiliary functions (spindle rotation, tool replacement, coolant on/off, 
etc.) (See Section III-5.1) are disabled. 
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1.5 EDITING A PROGRAM 


After a created program is once registered in memory, it can be 
corrected or modified from the MDI panel (See Section I-10). 
This operation can be executed using the program edit function. 


- 829 - 


1.GENERAL 


OPERATION B-63944EN/02 


1.6 DISPLAYING AND SETTING DATA 





Explanation 
- Offset value 








The operator can display or change a value stored in CNC internal 
memory by key operation on the MDI screen (See III-12). 


Data setting 
Data display 
Screen Keys 
MDI 


CNC memory 


Fig. 1.6 (a) Displaying and setting data 


Geometry Wear 
compensation compensation 
Tool compensation number 1 = 12.3 
Tool compensation number 2 20.0 


Tool compensation number 3 


Screen Keys Display 


CNC memory 


Fig. 1.6 (b) Displaying and Setting Offset Values 


The tool has the tool dimension (length, diameter). When a workpiece 
is machined, the tool movement value depends on the tool dimensions. 
By setting tool dimension data in CNC memory beforehand, 
automatically generates tool routes that permit any tool to cut the 
workpiece specified by the program. Tool dimension data is called the 
offset value. 
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<+——_ 1st tool path 


Machined 
shape 


-«—— 2nd tool path 


'<:——— Offset value of the 1st tool 


: ~— Offset value of the 2nd tool 





Fig. 1.6 (c) Offset value 


- Displaying and setting operator's setting data 
Apart from parameters, there is data that is set by the operator in 
operation. This data causes machine characteristics to change. 
For example, the following data can be set: 
e = Inch/Metric switching 
e Selection of I/O devices 
e Mirror image cutting on/off 
The above data is called setting data (See Section III-12.3.1). 


Setting data 
Inch/Metric switching 
Selection of I/O device 
Mirror image ON/OFF setting 


Setting 


Screen Keys Displaying 


CNC Memory 


Operational 
characteristics 


Automatic Movement of 


Program operation the machine 





Fig. 1.6 (d) Displaying and setting operator's setting data 
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OPERATION B-63944EN/02 


- Displaying and setting parameters 


- Data protection key 


The CNC functions have versatility in order to take action in 

characteristics of various machines. 

For example, CNC can specify the following: 

- Rapid traverse rate of each axis 

- | Whether increment system is based on metric system or inch 
system. 

- | How to set command multiply/detect multiply (CMR/DMR) 

Data to make the above specification is called parameters (See Section 

TH-12.4.1). 

Parameters differ depending on machine tool. 


Parameter 

Rapid traverse rate 

Position control 

Reference position return 
Backlash compensation data 
Pitch error compensation data 


Setting 


Screen Keys Display 


CNC memory 


Operational 
characteristics 


Automatic 
Program operation ovement of 
the machine 





Fig. 1.6 (e) Displaying and setting parameters 


A key called the data protection key can be defined. It is used to 
prevent part programs, offset values, parameters, and setting data from 
being registered, modified, or deleted erroneously (See Section 
IlI-12). 


| HA — 


Screen Keys 


Data protection key 
MDI 
Registration / modification inhibition 


Machine 
operator's panel 


Program 

Offset value 
Parameters 
Setting data 


Data protection key| 


CNC memory 





Fig. 1.6 (f) Data protection key 
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1.7 DISPLAY 





1.7.1 Program Display 


The contents of the currently active program are displayed. In addition, 
the 
(See Section II-12.2.1) 


pai OVOGBG NOOGB1 


N2G617 960. GF 156; t 
N3X456. @: 
Nd4G@3X588. BY1156. BR65B. GB; Run ing program number 
N5G62X9668. GR-258. @; 
N6G63X958. GY 980. GR658. GB; Running sequence number 
Contents of program N7GQ1X1158. 8; 
N8Y558. @: 
N9X'7068. BY656. 6; 
N16X256. @Y5568. @; 
GeaGcdexerG: 
% 


The line currently being executed 
is indicated by the cursor. 





A> 
MEM STOP ##* ex 68: 66:68 
SELECT PASTE |LINE REPLCE T dL 
SEARCH SEARCH | SEARCH 
Fig. 1.7.1 (a) 


A list of the programs held in the currently selected folder is 
displayed. 


PROGRAM FOLDER 00123 NOOOOWGW 


DEFAULT FOLDER 
FOREGROUND: //CNC_MEM/USER/PATH17 
BACKGROUND: //CNC_MEM/USER/PATH17 
DEVICE SELECT I|[CNC_MEM SED PAGE 1[KBYTE] USED FOLDER 13 
REE PAGE 67(KBYTE] FREE FOLDER 61 





PROGRAM LIST ¢ CURRENT FOLDER: / >} 





MTB1 <FOLDER> 

MTB2 <FOLDER> 

USER <FOLDER> 
A> 


EDIT STOP *** wer | 12:00: 00| | 


< JDEVICE|FORE |BACK |MAIN {DETAIL CREATE | CREATE | DELETE | RENAME | PROGRM | + 
CHANGE | CHANGE | CHANGE | PROGRM | ON PROGRM | FOLDER CNDENS 


Fig. 1.7.1 (b) 
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1.7.2 Current Position Display 


The current position of the tool is displayed with the coordinate 
values. 

Moreover, the distance from the current position to a target point can 
be displayed as a remaining travel distance. 

(See Section II-12.1.1, 12.1.2, 12.1.3.) 





orkplece coordinate 








system Xx 
Fig. 1.7.2 (a) 
ACTUAL POSITION 00123 Noooaeg 
ABSOLUTE MACHINE DISTANCE TO GO 
@.Q@@0\+ coo | ace 
@.Q@@O\: coo |s ace 
c @. 808 c 8. 898 


Q.000 
Q.000 
Q.000 


week Si OQ rtw 





OWN<X 





Goa Gee G15 F M rt) 
G17 G98 Gd0.1 F Brnvntn 
G98 G58 G25 4 DRY RUN F 1000 MM7MIN 
G22 G6? G16 » a PARTS COUNT 953 
G94 G9? G13.4 RUN TIME 12H15M33S 
G2i G5ad G50.1 | 8 CYCLE TIME GH OM BS 
Gao G6d GS4.2 . 5 
G49.1669 680.5 A> 
MEM STOP #«x x8 12:00:00 | PATH1 

ee i cua ped | ii l] 

Fig. 1.7.2 (b) 
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1.7.3 Alarm Display 


When a trouble occurs during operation, error code and alarm message 
are displayed on the screen. (See Section III-7.1.) 
See APPENDIX G for the list of error codes and their meanings. 


ACTUAL POSITION 00123 NOOOOBOD 





PARTS COUNT 
RUN TIME 
CYCLE TIME 


MEN STOP +++ ++» [ZMj] 12:00:00|PaTH1 __| 


Se ESA 


Fig. 1.7.3 (a) 





1.7.4 Parts Count Display, Run Time Display 


The position display screen displays a run time, cycle time, and parts 
count. (See Section Ill-12.3.3.) 


ACTUAL POSITION 080123 NOOOOBD 








Fig. 1.7.4 (a) 
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OPERATIONAL DEVICES 





As operational devices, setting and display devices attached to the 
CNC, and machine operator's panels are available. 

For machine operator's panels, refer to the relevant manual of the 
machine tool builder. 
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2.1 SETTING AND DEISPLAY UNITS 


The setting and display units are shown in Subsections 2.1.1 to 2.1.5 


of Part III. 

7.2" LCD CNC Display Panel ...........ccceecesscesseeereeeteeeeeeees TH-2.1.1 
8.4" LCD CNC Display Panel ..........ccccecccescceeeeeeeeeeeeeeeeeeees IH-2.1.2 
10.4" LCD CNC Display Panel .......0..ccceeccesseeeseeeteeeteeeteeeees IH-2.1.3 
12.1" LCD CNC Display Panel ..........cceeceeseeeseeeseeeteeeteeeees TH-2.1.4 
15" LCD CNC Display Panel ..........0.cccceecceesceeseeeeeeeteeeeeenes IH-2.1.5 
Standard MDI Unit (ONG Key) .......ccccccescceseeeeeeeeeeeeees IH-2.1.6 
Standard MDI Unit (QWERTY Key) ......ceceeeseseseereeteereees IfI-2.1.7 
Small MDI Unit (ONG Key). c..ciseissieadnegussnesasdaoneastnneceesee IU-2.1.8 
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2.1.1 7.2" LCD CNC Display Panel 






































G@ooogoOoses| 




















2.1.2 8.4" LCD CNC Display Panel 
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2.1.3 10.4" LCD CNC Display Panel 
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2.1.4 


OPERATION B-63944EN/02 


12.1" LCD CNC Display Panel 
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2.1.5 15" LCD CNC Display Panel 
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2.1.6 


Unit with machining center system 


OPERATION 


Standard MDI Unit (ONG Key) 


2.OPERATIONAL DEVICES 
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2.1.7 | Standard MDI Unit (QWERTY Key) 

























































































































































































































































































































































































Help key Function keys 
| 
OC | Oo 
\ 
Reset key aeset (J WE) |) | RY | | | | | a) | 9] 
“Fe HELP POS. proc | sevV@]) |vessice| | cracu | | custom | | custowe SYSTEM 
A @ # $ % & x ¢ ) ¥¥ 7 
Q}| WH EI, RIE Ty} Y dys QO}, P ( oat ee 
Address keys —|— All s|Poltelfialf lf ul[fk] Pe 4|| sf 6 
— — — — = = — — ie Numeric keys 
Uppercase/lowercase oe f. 4 7 C |* V B : N eM EB t | C a 
switch key L SeleT 
AUX key 
5 t - Oll' « 
CTRL key CTRL] | AUX t Shine 
e, = | pace |__ = ift key 
: = - _ = _ _ = 
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TAB ALTER NSERT| [DELETE CAN INPUT 
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Page change keys Cursor keys Edit keys Cancel (CAN) key 
(Page key) 
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2.1.8 Small MDI Unit (ONG Key) 


Unit with machining center system 





Address/numeric keys 


O O 






















































































J K # 5 5 
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t * Z 
ke D H E aa 0 ; 
= = Cancel (CAN) key 
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+] ]/ ee 4\| > |__| Input key 
' POS proc} [se] | ster | | caw INPUT 
Function keys —___—}< = ~ = Shift key 
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~ \ <7 rs | 
- —_. Edit keys 
CO PANES ‘o) 
. 
Cursor keys. 
Unit with lathe system 
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N 
C O 
D 
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SP 
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» Input key 
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DELETE 
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2.2 


OPERATION B-63944EN/02 


OPERATIONAL DEVICES 





Number 


Table 2.2 (a) Explanation of the MDI keyboard 


RESET key 


RESET 


Explanation 


Press this key to reset the CNC, to cancel an alarm, etc. 





HELP key 


en 
nm 
m 
vu 


Press this button to use the help function when uncertain about the operation 
of an MDI key (help function). 





Soft keys 


The soft keys have various functions, according to the Applications. The soft key 
functions are displayed on the display unit. 





Address and numeric keys 


4 


| 


Press these keys to input alphabetic, numeric, and other characters. 





SHIFT key 


Some keys have two characters on their keytop. Pressing the <SHIFT> key 
switches the characters. Special character # is displayed on the screen when a 
character indicated at the bottom right corner on the keytop can be entered. 





INPUT key 


Zz 
ze] 
cS 
| 


When an address or a numerical key is pressed, the data is input to the buffer, 
and it is displayed on the screen. To copy the data in the key input buffer to the 
offset register, etc., press the <INPUT> key. This key is equivalent to the 
[INPUT] key of the soft keys, and either can be pressed to produce the same 
result. 





CANCEL (CAN) key 


CAN 


Press this key to delete the last character or symbol input to the key input buffer. 
Example) When the key input buffer displays 

> NO01X100Z_ 

>N001X100Z_ 


and the cancel key is pressed, Z is canceled and 


>N001X100_ 
is displayed. 





Edit keys 


ALTER INSERT] [DELETE 


Press these keys when editing the program. 


- ALTER 
- INSERT 
: DELETE 








Function keys 





Press theses keys to switch display screens for each function. 
See Ill-2.3 for details of the function keys. 





Cursor keys 


[4 
aes 


There are four different cursor move keys. 


[>]: 
[+]: 
[+] 
a): 


This key is used to move the cursor to the right or in the forward 
direction. The cursor is moved in short units in the forward direction. 

This key is used to move the cursor to the left or in the reverse direction. 
The cursor is moved in short units in the reverse direction. 

This key is used to move the cursor in a downward or forward direction. 
The cursor is moved in large units in the forward direction. 

This key is used to move the cursor in an upward or reverse direction. 
The cursor is moved in large units in the reverse direction. 
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Table 2.2 (a) Explanation of the MDI keyboard 


[Number] Name Explanation 


Page change keys 
(Page keys) 


PAGE 


Two kinds of page change keys are described below. 
: This key is used to changeover the page on the screen in the forward 


direction. 
: This key is used to changeover the page on the screen in the reverse 


direction. 


Uppercase/lowercase 


switch key Press this key to switch between uppercase and lowercase when entering 


ABC alphabetic characters. 
/abc 


PC function key 


These keys are used with the personal computer function of the 3007/300is, 
310i/310is, 320i/320is. 
Explanation 


- 15” LCD/MDI soft key configuration 
The 15” LCD panel has 12 soft keys horizontally and 9 soft keys 
vertically. 
As shown below, the 8 vertical soft keys and the lowermost key are 
used as chapter selection soft keys. By pressing each of these keys, 
the screen (chapter) belonging to each function can be selected. The 
horizontal 12 soft keys are used to perform operations on the screen 
selected with a vertical soft key. 
For an LCD display with a touch panel, touch a soft key on the screen 
to select it. 














Vertical soft keys 


Displays operations on selected chapter. 


Horizontal soft keys 





In this manual, the descriptions below assume a 10.4" LCD display 
panel with 12 soft keys. 
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- Key operation with multi-path control 
In the multi-path control, be sure to select the tool post for which data 
is specified, using the path selection switch on the machine operator's 
panel. Then, perform keyboard operation, such as displaying or 
specifying various data items, and editing a program. 
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2.3 FUNCTION KEYS AND SOFT KEYS 


The function keys are used to select the type of screen (function) to be 
displayed. When a soft key (section select soft key) is pressed 
immediately after a function key, the screen (section) corresponding to 
the selected function can be selected. 


SATs 


2.OPERATIONAL DEVICES OPERATION B-63944EN/02 


2.3.1 General Screen Operations 


- Procedure 
1 By pressing a function key on the MDI panel, the chapter 
selection soft keys that belong to the function are displayed. 
Example 1) 


Operation selection key 


ttt tt i _ i 
Sana cneee ba 


Chapter selection soft keys Continuous menu key 





2 When one of the chapter selection soft keys is pressed, the screen 
of the chapter is displayed. If the soft key of a desired chapter 
is not displayed, press the continuous menu key. 

In a chapter, a further choice may be made from multiple 
chapters. 


3 When the screen of a desired chapter is displayed, press the 
operation selection key to display operations to be performed. 


4 Select a desired operation with the operation selection soft key. 
Depending on the operation to be executed, an auxiliary menu of 
soft keys is displayed. Perform an operation according to the 
indications on the auxiliary menu. 





Example 2) 
Tt} ] ff | -_ | fae zal 
Return menu key Operation selection soft keys 


Example 3) 
ALL AX 
“| | | _ | | a 


Auxiliary menu 





5 To return to the display of chapter selection soft keys, press the 
return menu key. 


A general screen display procedure is provided above. 


The actual display procedure varies from one screen to another. 
For details, see each description of operation. 
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- Button design change depending on soft key state 
The soft keys assume one of the following states, depending on the 
selection target: 
e Chapter selection soft keys 
e Operation selection soft keys 
e = Auxiliary menu of operation selection soft keys 


Depending on the state, the button images of the soft keys change. 
From the button images, which state the soft keys are assuming can be 


known. 


Example) 
e Chapter selection soft keys 


a Hes el i 


e Operation selection soft keys 


ic nn mas ea 


e = Auxiliary menu of operation selection soft keys 


ALL AX 
| 11S | | 
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2.3.2 Function Keys 


Function keys are provided to select the type of screen to be displayed. 
The following function keys are provided on the MDI panel: 


Press this key to display the position screen. 


PROG Press this key to display the program screen. 


OFFSET 


Press this key to display the offset/setting screen. 
SETTING 


SYSTEM Press this key to display the system screen. 


Press this key to display the message screen. 


GRAPH Press this key to display the graphics screen. 


Press this key to display the custom screen (conversational macro 
screen). 


Unused. 


QO [e) 
Cc Cc = 
n op) op) vU 
o 4 en) oO 
ie) (e) > 7) 
s = @ 

=> m 
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B-63944EN/02 


2.3.3 


Soft Keys 


By pressing a soft key after a function key, the corresponding screen 
of the function can be displayed. 


The chapter selection soft keys of each function are described below. 
The horizontal four keys on the right-hand side are assigned to chapter 
selection soft keys. When multiple pages are used for chapter 
selection soft keys, [+] is displayed on the continuous menu key 
(rightmost soft key). Press the continuous menu key to switch 
between chapter selection soft keys. 


NOTE 
1 Press function keys to switch between screens that 


are used frequently. 
2 Some soft keys are not displayed depending on the 
option configuration. 





If position indications are provided on the left half of the screen when 
a key other than the function key is pressed, the left half of the 


soft keys is displayed as follows at all times: 


I Hie _ | 
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Position display screen 


The chapter selection soft keys that belong to the function key 


and the function of each screen are described below. 
(1) (2) (3) (4) (5) 
P ABS REL ALL HNDL (OPRT) + 
age 1 


(6) (7) (8) (9) (10) 
No. |Chapter menu Description 


Table 2.3.3 (a) Position display screen 
(1) ABS Selects the absolute coordinate display screen. 
(2) REL Selects the relative coordinate display screen. 
(3) ALL Selects the overall coordinate display screen. 
( 


4 HNDL Selects the operation screen for manual handle 
operation. 

















) : 
(6) MONI Selects the screen for displaying the servo axis load 
meter, serial spindle load meter, and speedometer. 
(7) 5AXMAN _ |Displays a handle pulse interrupt amount in manual 
feed for 5-axis machining. 
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Program screen 
The chapter selection soft keys that belong to the function key 


and the function of each screen are described below. 


(1) (2) (3) (4) (5) 
: 
age 1 
M 
(10) 


Table 2.3.3 (b) Program 
| No. [Chapter menu| menu Deseripuon. 


programs current registered: 
programs currently registered. 


Selects the screen for displaying the command 
values of the block currently executed and the next 
block to be executed among the command values. 
Selects the screen for displaying programs, position 
data, modal information, and so forth 
simultaneously. 

(6) RSTR Selects the operation screen for restarting an 
interrupted program operation. 


JOG Selects the screen for executing, in the JOG mode, 
data specified in the program format from the MDI. 
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Offset/setting screen 
The chapter selection soft keys that belong to the function key 


and the function of each screen are described below. 














(1) (2) (3) (4) (5) 
ese 
(6) (7) (8) (9) (10) 
MACRO TOOL (OPRT) # 


(11) (12) (13) (14) (15) 


Page 3 OFST.2 || W.SHFT || GEOM.2 | | (OPRT) 











(16) (17) (18) (19) (20) 
~ CLE 
(21) (22) (23) (24) (25) 
CHUCK || LANG. | |PROTECT|| GUARD || (OPRT) || + 
Paee*2 TAIL 
(26) (27) (28) (29) (30) 
TOOL 





(31) (32) (33) (34) (35) 


WORK 
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OPERATION 


OFFSET 


2.OPERATIONAL DEVICES 


Table 2.3.3 (c) Offset 


No. _|Chapter menu 
(1) 





SETTING 


WORK 


MACRO 


OPR 


TOOL 
MANAGER 
OFST.2 
W.SHFT 


GEOM.2 


PR-LV 


LANG. 


PROTECT 


GUARD 


TOOL LIFE 


WRK ERR 
COMP 
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Selects the screen for setting tool offset values. 
Selects the screen for setting the _ setting 
parameters. 

Selects the screen for setting a workpiece 
coordinate system offset. 

Selects the screen for setting macro variables. 
Selects the screen for operating some operation 
switches on the machine operator's panel as soft 
switches. 


Selects the screen for setting data related to tool 
management. 


Selects the screen for setting a Y-axis offset. 
Selects the screen for setting a workpiece 


coordinate system shift value. 


Selects the screen for setting a second geometry 
offset. 


Selects the screen for setting a precision level. 
CHUCK TAIL |Selects the chuck tail stock barrier screen. 


Selects the screen for setting a display language. 
Selects the screen for setting data protection. 


prevention. 
to tool life management. 


Selects the screen for setting errors related to 


workpiece mounting position 


2. OPERATIONAL DEVICES OPERATION B-63944EN/02 


System screen 


The chapter selection soft keys that belong to the function key 


and the function of each screen are described below. 





























































(1) (2) (3) (4) (5) 
ee PARAM || DGNOS || SERVO || sysTEM || (OPRT) 
age GUIDEM 

(6) (7) (8) (9) (10) 
p MEMoRY!|| PITCH || SERVO || spsEeT || (OPRT) || + 
age 2 PARAM 

(11) (12) (13) (14) (15) 

PMC PMC PMC (OPRT) 
Page 3 MAINTE || LADDER || CONFIG 

(16) (17) (18) (19) (20) 
ee MCNG |} aLLIo || ALLIO || OPEHIS || (OPRT) 
age TUNING 

(21) (22) (23) (25) 

(26) (27) (28) (29) (30) 
sivas | FSSB ee (OPRT) || + 


























(35) 


(31) (32) (33) (34) 
EMBEDDED] | PCMCIA | |ETHNET| | PROFI-B|) (oprt) 
Page 7 PORT LAN BOARD || US MST 
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(36) (37) (38) (39) (40) 
REMOTE 





(41) (42) (43) (44) (45) 


PROFIL | [DEVNET (coprD || + 
Page 9 SLAVE ||MASTER 


(46) (47) (48) (49) (50) 
DUAL |{ R.TIME COpRD || + 


Table 2.3.3 (d) System 
No. Chapter menu Description 
Selects the screen for setting parameters. 


Peace ce DGNOS Selects the screen for displaying CNC state. 


) 
| (3) | SERVO GUIDEM | SERVO GUIDEM |Selects the screen for Gisplayitig the servo guide mate. 


status. 
memory. 


(7) PITCH Selects the screen for setting pith error compensation. 


(8) | SERVO PARAM |Selects the screen for setting the servo-related 
parameters. 


(9) SP.SET Selects the screen for spindle-related setting. 


PMC MAINTE |Selects the screen related to PMC maintenance such 
as PMC signal state monitoring and tracing, and PMC 
parameter display/editing. 

PMC LADDER 

PMC CONFIG {Displays the screen for displaying/editing data other 
than ladders that makes up a sequence program and 
for setting the PMC function. 

MCNG TUNING Displays the screen for setting the parameter set for 
emphasis on speed (LV1) or emphasis on precision 
(LV10). 


aa ALL IO Selects the screen for data I/O. 


memory card. 

( OPEHIS Selects the screen for displaying the history of 
operations performed by the operator and issued 
alarms. 


19) 
(21) COLOR Selects the screen for setting colors to be used on the 
screen. 
22) 
3) 








managed periodically. 
maintenance performed. 
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Chapter menu 


W.DGNS Selects the screen for displaying data such as servo 
positional deviation values, torque values, machine 
signals, and so forth as graphs. 

Selects the screen for making settings related to the 
high-speed serial servo bus (FSSB: Fanuc Serial Servo 
Bus). 

PRMTUN Selects the screen for setting parameters necessary for| 

start-up and tuning. 


PORT embedded Ethernet (embedded port). 
embedded Ethernet (PCMCIA Ethernet card). 

fast Ethernet/fast data server. 

profibus master function. 


M CODE Selects the screen for setting an M code group 


profibus slave function. 
DeviceNet master function. 

dual check safety function. 
real-time custom macro function. 
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Message screen 
The chapter selection soft keys that belong to the function key 


and the function of each screen are described below. 


: ALARM HISTRY || MSGHIS || (OPRT) 
age 1 


(10) 
BUILT-IN] | PCMCIA || BOARD (OPRT) 
Page 2 LOG LOG LOG 


Table 2.3.3 (e) Message 
No. |Chapter menu Description 


eee ee aS Selects the alarm message screen. 


Selects the operator message screen. 


2} se ee Selects the screen for displaying the details of 
reese ae issued so far. 


| (4) | MSGHIS | Selects the external operator message screen. 

5 BUILT-IN LOG |Selects the screen for displaying error messages 
related to the embedded Ethernet (embedded port). 

PCMCIA LOG |Selects the screen for displaying error messages 
related to the embedded Ethernet (PCMCIA 
Ethernet card). 

















BOARD LOG |Selects the screen for displaying error messages 
related to the fast Ethernet/fast data server. 
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Graphic screen 
The chapter selection soft keys that belong to the function key 


and the function of each screen are described below. 


(1) (2) (3) (4) (5) 
~ SE Lee 
Table 2.3.3 (f) Graphic 


| No. | Chapter menu Description 
PARAM Selects the screen for setting graphic parameters. 














GRAPH Selects the screen for graphically displaying the tool 
path. 
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OPERATION 2.OPERATIONAL DEVICES 


Key Input and Input Buffer 


When an address and a numeric key are pressed, the character 
corresponding to that key is input once into the key input buffer. The 
contents of the key input buffer is displayed at the bottom of the LCD 
screen. 

In order to indicate that it is key input data, a ">" symbol is displayed 
immediately in front of it. A" " is displayed at the end of the key 
input data indicating the input position of the next character. 


A>N861X1662_ <——_—____—_—___ Key input buffer display 


EDIT STOP *** #+** | | 12: 8: 88 | PATH1 | 


See 


Fig. 2.3.4 (a) Key input buffer display 


- Switching between upper and lower key characters 


To input the lower character of the keys that have two characters 
inscribed on them, first press the [=| key and then the key in 
question. 

When the key is pressed, "_" indicating the next character input 


position changes to '"“". Now lowercase characters can be entered 
(shift state). 
When a character is input in shift status the shift status is canceled. 


Furthermore, if the key is pressed in shift status, the shift status 


is canceled. 
It is possible to input up to 32 characters at a time in the key input 
buffer. 


Press the key to cancel a character or symbol input in the key 
input buffer. 


(Example) 
When the key input buffer displays 
>N001X100Z_ 


and the cancel key is pressed, Z is canceled and 


>N001X100_ 
is displayed. 
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- Switching between uppercase and lowercase alphabetic characters 
When entering alphabetic characters, the user can switch between 
uppercase and lowercase. 


By pressing the uppercase/lowercase switch key fel the display of 


the key input buffer changes to enable uppercase or lowercase 
alphabetic characters to be entered as described below. 
Example) 

\ASABC 

‘-" State enabling uppercase input 

(a>) abc 

Ne? State enabling lowercase input 


2.3.5 Warning Messages 


After a character or number has been input from the MDI panel, a data 
check is executed when key or a soft key is pressed. In the 


case of incorrect input data or the wrong operation a flashing warning 
message will be displayed on the status display line. 


Key input buffer display —Pp A>iI_ 
Warning message oe ——p» WRONG MODE 
State display MEM STOP #*#* #4% 12: 66: 66 | PATH1 


Fig. 2.3.5 (a) Warning message display 


Table 2.3.5 (a) Warning Messages 


Warning message Content 


FORMAT ERROR The format is incorrect. 





Key input is invalid because of data protect 
key or the parameter is not write enabled. 
DATA IS OUT OF RANGE _ |The input value exceeds the permitted range. 


WRITE PROTECT 








The input value exceeds the permitted 
number of digits. 

Parameter input is not possible in any mode 
other than MDI mode. 

It is not possible to edit in the current CNC 
status. 


TOO MANY DIGITS 





WRONG MODE 





EDIT REJECTED 
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2.4 EXTERNAL I/O DEVICES 





- Parameter setting 





External I/O devices such as a memory card are available. 

By using an external I/O device such as a memory card, the following 
data can be input or output: 

1. Programs 

2. Offset data 

3. Parameters 

4. Custom macro common variables 

For how to input or output data and input data from or output it to a 
memory card, see III-8. 


Before an external input/output device can be used, parameters must 
be set as follows. 


CNC 





Mother board 


Channel 1 Channel 2 
JA56A JA36A 

















RS-232-C RS-232-C 

















Reader/ Reader/ 
puncher, puncher 





10 CHANNEL=0 = I/O CHANNEL=2 
or 
1/0 CHANNEL=1 


This CNC has a total of two channels of reader/puncher interfaces. It 
also has a memory card interface. The input/output device to be used 
is specified by setting the channel (interface) connected to that device 
in setting parameter I/O CHANNEL. 

The specified data, such as a baud rate and the number of stop bits, of 
an input/output device connected to a specific channel must be set in 
parameters for that channel in advance. (These settings are not 
required for the memory card interface.) 

For channel 1, two combinations of parameters to specify the 
input/output device data are provided. 

The following shows the interrelation between the reader/puncher 
interface parameters for the channels. 
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0020 VO CHANNEL 
or foreground input 


Set channels to be used 
for data input/output. 


1/0 CHANNEL (0 to 5) 
=0 : Channel 1 
=1: Channel 1 
=2 : Channel 2 
=3 : Channel 3 


Input/output to and from the memory 
card interface, etc. is also possible. 


When !04 is set 


0021 Foreground output 
0022 Background input 
0023 Background input 


The channel setting is the same as 
No.0020. 





Input/output channel number (parameter No.0020) 


L 
0101 Stop bit and other data 


VO CHANNEL=0 0102 Number specified for the input/output device 


(Channel 1) 0103 | Baud rate 


0111 Stop bit and other data 


(0 CHANNEL=1 0112 Number specified for the input/output device 
eohanneld) 0113 | Baud rate 

0121 Stop bit and other data 
VO CHANNEL=2 0122 Number specified for the input/output device 
(Channel 2) 0123 | Baud rate 


1/0 CHANNEL=5 
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2.9 POWER ON/OFF 
2.5.1 Turning on the Power 


Procedure of turning on the power 


Procedure 
1 Check that the appearance of the CNC machine tool is normal. 


(For example, check that front door and rear door are closed.) 

2 Turn on the power according to the manual issued by the 
machine tool builder. 

3. After the power is turned on, check that the position screen is 
displayed. An alarm screen is displayed if an alarm occurs upon 
power-on. 


ACTUAL POSITION OO123 NQGOOGOG 


ABSOLUTE DISTANCE TO GO 
6. 668 
6. 688 
8. 688 











Gea Gse F 


8 
G97 G67 
G69 G54 H 8 
699 Ged 5) + 
G21 Gis 

G40 669.1 T Ci) 
G25 650.2 

22 © c A> 


MEM STOP *** ##% 12:66:00] PATH1 


| | | | | | fe] REL ALL COPRT 2+ 


Fig. 2.5.1 (a) Position screen (for machining center system) 














4 Check that the fan motor is rotating. 


/A\. WARNING 
Until the positional or alarm screen is displayed at 
the power on, do not touch them. Some keys are 


used for the maintenance or special operation 
purpose. When they are pressed, unexpected 
operation may be caused. 
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2.5.2 Power Disconnection 


Procedure of power disconnection 


Procedure 

1 Check that the LED indicating the cycle start is off on the 
operator's panel. 

2 Check that all movable parts of the CNC machine tool is 
stopping. 

3. If an external input/output device such as the Handy File is 
connected to the CNC, turn off the external input/output device. 

4 Continue to press the <POWER OFF> button for about 5 
seconds. 

5 Refer to the machine tool builder's manual for turning off the 
power to the machine. 
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MANUAL OPERATION 


MANUAL OPERATION are six kinds as follows : 








3.1 MANUAL REFERENCE POSITION RETURN 
3.2. JOG FEED (JOG) 

3.3. INCREMENTAL FEED 

3.4. MANUAL HANDLE FEED 

3.5 MANUAL ABSOLUTE ON AND OFF 

3.6 RIGID TAPPING BY MANUAL HANDLE 

3.7. MANUAL NUMERICAL COMMAND 

3.8 MANUAL FEED FOR 5-AXIS MACHINING 

3.9 DISTANCE CODED LINEAR SCALE INTERFACE 

3.10 LINEAR SCALE WITH DISTANCE-CODED REFERENCE 
MARKS (SERIAL) 
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3.1 MANUAL REFERENCE POSITION RETURN 





The tool is returned to the reference position as follows : 

The tool is moved in the direction specified in parameter ZMI (No. 
1006#5) for each axis with the reference position return switch on the 
machine operator's panel. The tool moves to the deceleration point at 
the rapid traverse rate, then moves to the reference position at the FL 
speed. The rapid traverse rate and FL speed are specified in 
parameters (No. 1424,1421, and 1425). 

Four step rapid traverse override is effective during rapid traverse. 
When the tool has returned to the reference position, the reference 
position return completion LED goes on. The tool generally moves 
along only a single axis, but can move along three axes 
simultaneously when specified so in parameter JAX (No.1002#0). 








= Deceleration point “ws Retorerics position 
— ~~ 
Rapid traverse motion Decelerated motion 
+—Rapid traverse rate FL speed 


(rapid traverse 
override is effective) 











Fig. 3.1 (a) Manual reference position return 


Procedure for manual reference position return 


Procedure 

1 Press the reference position return switch, one of the mode 
selection switches. 

2 To decrease the feedrate, press a rapid traverse override switch. 
When the tool has returned to the reference position, the 
reference position return completion LED goes on. 

3. Press the feed axis and direction selection switch corresponding 
to the axis and direction for reference position return. Continue 
pressing the switch until the tool returns to the reference position. 
The tool can be moved along three axes simultaneously when 
specified so in an appropriate parameter setting. The tool moves 
to the deceleration point at the rapid traverse rate, then moves to 
the reference position at the FL speed set in a parameter. 

4 Perform the same operations for other axes, if necessary. 


The above is an example. Refer to the appropriate manual provided by 
the machine tool builder for the actual operations. 


-—_ ZERO POSITION —™ MIRRROR IMAGE 
X Y Z C %X2 Y2 jZ2 xX Y Z 








M02/ MANU SPINDI 
M30 ABS ORI 







































































Fig. 3.1 (b) 
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Explanation 


OPERATION 3.MANUAL OPERATION 


- Automatically setting the coordinate system 


Limitation 
- Moving the tool again 


Parameter ZPR (No. 1201#0) is used for automatically setting the 
coordinate system. When ZPR is set, the coordinate system is 
automatically determined when manual reference position return is 
performed. 

When a, £ and y are set in parameter 1250, the workpiece coordinate 
system is determined so that reference point on the tool holder or the 
position of the tip of the reference tool is X= a, Y = 8B, Z = y when 
reference position return is performed. This has the same effect as 
specifying the following command for reference position return: 
G92XaYBZy; 

However, when options of the workpiece coordinate system is 
selected, it is not able to use. 








Once the reference position return completion LED lights at the 
completion of reference position return, the tool does not move unless 
the reference position return switch is turned off. 


- Reference position return completion LED 


The reference position return completion LED is extinguished by 
either of the following operations: 

e Moving from the reference position. 

e Entering an emergency stop state. 


- The distance to return to reference position 


For the distance (Not in the deceleration condition) to return the tool 
to the reference position, refer to the manual issued by the machine 
tool builder. 
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3.2 


Procedure 


JOG FEED (JOG) 


OPERATION B-63944EN/02 


In the jog mode, pressing a feed axis and direction selection switch on 


the 


machine operator's panel continuously moves the tool along the 
selected axis in the selected direction. 

The jog feedrate is specified in a parameter (No.1423). 

The jog feedrate can be adjusted with the jog feedrate override dial. 
Pressing the rapid traverse switch moves the tool at the rapid traverse 
feedrate (No. 1424) regardless of the position of the jog feedrate 
override dial. This function is called the manual rapid traverse. 
Manual operation is allowed for one axis at a time. 3 axes can be 
selected at a time by parameter JAX (No.1002#0). 





> Y 


While a switch is pressed, the tool 
moves in the direction specified by 
the switch. 


Fig. 3.2 (a) Jog Feed (JOG) 


Procedure for JOG feed 


NOR 


Press the jog switch, one of the mode selection switches. 

Press the feed axis and direction selection switch corresponding 
to the axis and direction the tool is to be moved. While the switch 
is pressed, the tool moves at the feedrate specified in a parameter 
(No. 1423). The tool stops when the switch is released. 

The jog feedrate can be adjusted with the jog feedrate override 
dial. 

Pressing the rapid traverse switch while pressing a feed axis and 
direction selection switch moves the tool at the rapid traverse rate 
while the rapid traverse switch is pressed. Rapid traverse 
override by the rapid traverse override switches is effective 
during rapid traverse. 


The above is an example. Refer to the appropriate manual provided 
by the machine tool builder for the actual operations. 
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Explanation 


- Manual per revolution feed 


Limitation 


OPERATION 3. MANUAL OPERATION 


The manual per revolution feed is enabled for jog feed by setting 
parameter JRV (No. 1402 #4). 

During the manual per revolution feed, the tool is jogged at the 
feedrate that is obtained by multiplying the spindle speed by the feed 
amount per revolution, which is calculated by multiplying the jog 
feedrate override value by the feed amount per revolution specified 
with the parameter (No. 1423). 

During manual per revolution feed, the tool is jogged at the following 
feedrate: 

Feed distance per rotation of the spindle (mm/rev) (specified with 
parameter No. 1423) x JOG feedrate override x actual spindle speed 
(rev/min). 


- Acceleration/deceleration for rapid traverse 


- Change of modes 


Feedrate, time constant and method of automatic acceleration/ 
deceleration for manual rapid traverse are the same as GOO in 
programmed command. 


Changing the mode to the jog mode while pressing a feed axis and 
direction selection switch does not enable jog feed. To enable jog feed, 
enter the jog mode first, then press a feed axis and direction selection 
switch. 


- Rapid traverse prior to reference position return 


If reference position return is not performed after power-on, pushing 
rapid traverse button does not actuate the rapid traverse but the 
remains at the JOG feedrate. This function can be disabled by setting 
parameter RPD (No.1401#01). 
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3.3 INCREMENTAL FEED 





In the incremental (INC) mode, pressing a feed axis and direction 
selection switch on the machine operator's panel moves the tool one 
step along the selected axis in the selected direction. The minimum 
distance the tool is moved is the least input increment. Each step can 
be 10, 100, or 1000 times the least input increment. 

With using bit 2 (HNT) of parameter No. 7103, each step can be 
additionally 10 times the lest input increment. 

The feedrate set in parameter No. 1423 is applied. 

By using the manual feedrate override signal, the feedrate can be 
increased or decreased. 

The tool can also be moved at the rapid traverse rate by using the 
manual rapid traverse selection signal, independent of the manual 
feedrate override signal. 


Each time a switch is 
pressed, the tool moves one 
step in the direction 
specified by the switch. 

2 —__> 


Tool 











Fig. 3.3 (a) Incremental feed 


Procedure for incremental feed 


Procedure 

Press the INC switch, one of the mode selection switches. 

Select the distance to be moved for each step with the 

magnification dial. 

3. Press the feed axis and direction selection switch corresponding 
to the axis and direction the tool is to be moved. Each time a 
switch is pressed, the tool moves one step. The feedrate is the 
same as the jog feedrate. 

4 Pressing the rapid traverse switch while pressing a feed axis and 
direction selection switch moves the tool at the rapid traverse 
rate. 

Rapid traverse override by the rapid traverse override switch is 
effective during rapid traverse. 


NO Re 


The above is an example. Refer to the appropriate manual provided by 
the machine tool builder for the actual operations. 
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Explanation 
- Travel distance specified with a diameter 


rT 





The distance the tool travels along the X-axis can be specified with a 
diameter. 
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3.4 MANUAL HANDLE FEED 


In the handle mode, the tool can be minutely moved by rotating the 
manual pulse generator on the machine operator's panel. Select the 
axis along which the tool is to be moved with the handle feed axis 
selection switches. 
The minimum distance the tool is moved when the manual pulse 
generator is rotated by one graduation is equal to the least input 
increment. One of four types of magnifiers selected with MP1 and 
MP2 <G019#4 and #5> can be applied. With bit 2 (HNT) of 
parameter No. 7103, the minimum distance can be further 10 times 
greater. 
The number of manual pulse generators depends on the option as 
follows: 
e Control on 1 manual handle: Up to 1 
e = Control on 2 or 3 manual handles: 
Up to 3 (Up to three manual pulse generators can be moved at a 
time.) 





X ae / \ 
& \ } 
Manual pulse generator 


Fig. 3.4 (b) Manual handle feed 








Procedure for manual handle feed 


Procedure 

1 ‘Press the handle switch, one of the mode selection switches. 
Select the axis along which the tool is to be moved by pressing a 
handle feed axis selection switch. 

3. Select the magnification for the distance the tool is to be moved 
by pressing a handle feed magnification switch. The minimum 
distance the tool is moved when the manual pulse generator is 
rotated by one graduation is equal to the least input increment. 

4 Move the tool along the selected axis by rotating the handle. 
Rotating the handle 360 degrees moves the tool the distance 
equivalent to 100 graduations. 

The above is an example. Refer to the appropriate manual provided by 

the machine tool builder for the actual operations. 
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Explanation 


- Availability of manual pulse generator in Jog mode (JHD) 
Parameter JHD (No. 7100#0) enables or disables the manual handle 
feed in the JOG mode. 
When the parameter JHD(No. 7100#0) is set 1,both manual handle 
feed and incremental feed are enabled. 


- Manual handle feed in TEACH IN JOG mode (THD) 
By setting bit 1 (THD) of parameter No. 7100, manual handle feed in 
TEACH IN JOG mode can be enabled or disabled. 


- Acommand to the MPG exceeding rapid traverse rate (HPF) 

Parameter No. 7117 enables the following switching: 

Set value 0 : 
The feedrate is clamped at the rapid traverse rate and generated 
pulses exceeding the rapid traverse rate are ignored. (The 
distance the tool is moved may not match the graduations on the 
manual pulse generator.) 

Other than 0: 
The feedrate is clamped to the rapid traverse rate. However, 
those handle pulses beyond the rapid traverse rate are not ignored, 
but are processed as follows in connection with the manual 
handle feed travel distance selection signals: 
(No longer rotating the handle does not immediately stop the tool. 
The tool is moved by the pulses accumulated in the CNC before 
it stops.) 


When the magnification selected by manual handle feed travel 

distance selection signals is m and parameter No. 7117 is n: 

Whenn<m: The feedrate is clamped to the value of 
parameter No. 7117. 

Whenn2m: The feedrate is clamped to an integral multiple 
of a selected magnifier. If the mode is 
changed, however, a stop may not occur at an 
integral-multiple position. 


- Upper feedrate limit in manual handle feed 

The upper feedrate limit depends on the input signal (maximum 

manual handle feedrate switch signal HNDLF) from the PMC as 

follows: 

e When HNDLF is set to 0, the feedrate is clamped to the manual 
rapid traverse rate (parameter No. 1424). 

e When HNDLF is set to 1, the feedrate is clamped to the feedrate 
set in parameter No. 1434. 
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- Movement direction of an axis to the rotation of MPG (HNGX) 


Limitation 


Parameter HNGx (No. 7102#0) switches the direction of MPG in 
which the tool moves along an axis, corresponding to the direction in 
which the handle of the manual pulse generator is rotated. 


This parameter is valid only for the following functions: 
e Manual handle feed 
e = Manual handle interruption 


/A\ WARNING 
Rotating the handle quickly with a large 
magnification such as x100 moves the tool too fast. 
The feedrate is clamped at the rapid traverse 
feedrate. 


NOTE 


Rotate the manual pulse generator at a rate of five 
rotations per second or lower. If the manual pulse 
generator is rotated at a rate higher than five 
rotations per second, the tool may not stop 
immediately after the handle is no longer rotated or 
the distance the tool moves may not match the 
graduations on the manual pulse generator. 
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3.5 MANUAL ABSOLUTE ON AND OFF 





Whether the distance the tool is moved by manual operation is added 
to the coordinates can be selected by turning the manual absolute 
switch on or off on the machine operator's panel. When the switch is 
turned on, the distance the tool is moved by manual operation is added 
to the coordinates. When the switch is turned off, the distance the tool 
is moved by manual operation is not added to the coordinates. 


Manual operation 
Y 
J 


P1 


The coordinates values change by the 
amount of manual operation. 


Fig. 3.5 (a) Coordinates with the switch ON 





The coordinates do not change. 





Fig. 3.5 (b) Coordinates with the switch OFF 
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Explanation 


- Manual operation after the 


OPERATION B-63944EN/02 


The following describes the relation between manual operation and 
coordinates when the manual absolute switch is turned on or off, using 
a program example. 


G01G90 X100.0Y100.0F010 ; 
X200.0Y150.0 ; 


X300.0Y200.0 





Fig. 3.5 (c) Program example 
The subsequent figures use the following notation: 
— Movement of the tool when the switch is on 
_—-y. Movement of the tool when the switch is off 
The coordinates after manual operation include the distance the tool is 
moved by the manual operation. When the switch is off, therefore, 
subtract the distance the tool is moved by the manual operation. 


end of block 

Coordinates when block <l> has been executed after manual 
operation (X-axis +20.0, Y-axis +100.0) at the end of movement of 
block <2>. 


Y 





_wo (220.0 , 250.0) 


Switch ON 
> 
(200.0 , 150.0) = 

spe atts > Switch OFF 


Or Manual 
(100.0 , 100.0) operation 


X 

















Fig. 3.5 (d) Manual operation after the end of block 


- Manual operation after a feed hold 


Coordinates when the feed hold button is pressed while block <2> is 
being executed, manual operation (Y-axis + 75.0) is performed, and 
the cycle start button is pressed and released. 
Y 





_--¥(300.0 , 275.0) 


- 
- 
- 


_-¥(200.0 , 225.0) 


(150.0 , 200.0) 






—__. = Switch ON 


--------- > Switch OFF 


Feed hold stop point cocccce Manual 
operation 


(150.0 , 125.0) 














Fig. 3.5 (e) Manual operation after a feed hold 
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- When reset after a manual operation following a feed hold 


Coordinates when the feed hold button is pressed while block <2> is 
being executed, manual operation (Y-axis +75.0) is performed, the 


control unit is reset with the RESET button, and block <2> is read 
again 





Y 


_--¥(300.0 , 275.0) 


- 
- 
- 






_-¥(200.0 , 225.0) 









(150.0 , 200.0) 


_ Switch ON 







--------- > Switch OFF 


Feed hold stop point eccccce dg Manual 
operation 


(150.0 , 125.0) 











Fig. 3.5 (f) When reset after a manual operation following a feed hold 


- When a movement command in the next block is only one axis 


When there is only one axis in the following command, only the 
commanded axis returns. 














Program 
N1 G90 G01 X100. Y100. F500 ; 
N2 X200.0 ; y 
N3 Y150.0 ; 
/ r 
(200.0 , 150.0) 
i} 
==SS> -—po 
N3 
(200.0 , 100.0) 
—____ , Switch ON (100.0 , 100.0) 
oor a marta > Switch OFF N1 
Manual 
pena operation > x 








Fig. 3.5 (g) When a movement command in the next block is only one 
axis 


- When the next move block is an incremental 


When the following commands are incremental commands, operation 
is the same as when the switch is OFF. 
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- Manual operation during cutter or tool nose radius compensation 


When the switch is OFF 

After manual operation is performed with the switch OFF during 
cutter or tool nose radius compensation, automatic operation is 
restarted then the tool moves parallel to the movement that would 
have been performed if manual movement had not been 
performed. 

The amount of separation equals to the amount that was 
performed manually. 


Cutter path after 
manualoperation A 


/ 
Manual Vi 
operation 


Cutter ei 


Programmed path 
Fig. 3.5 (h) 





When the switch is ON during cutter or tool nose radius 
compensation 

Operation of the machine upon return to automatic operation 
after manual intervention with the switch is ON during execution 
with an absolute command program in the cutter or tool nose 
radius compensation mode will be described. The vector created 
from the remaining part of the current block and the beginning of 
the next block is shifted in parallel. A new vector is created 
based on the next block, the block following the next block and 
the amount of manual movement. This also applies when manual 
operation is performed during cornering. 


Manual operation performed in other than cornering 

Assume that the feed hold was applied at point Py while moving 
from P, to Pg of programmed path Pa, Ps, and Pc and that the 
tool was manually moved to PH'. The block end point Pg moves 
to the point Pg' by the amount of manual movement, and vectors 
Vz and Vz at Pg also move to Vgz;' and Vp’. Vectors Vc; and 
Vco between the next two blocks Pp - Pc and Pc - Pp are 
discarded and new vectors Vc;' and Voo' (Vco' = Vco in this 
example) are produced from the relation between Px! - Pc and Pc 
- Pp. However, since Vgo' is not a newly calculated vector, 
correct offset is not performed at block Px' - Pc. Offset is 
correctly performed after Pc. 
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\ 3 
Cutter path after \ Pe 


manual operation \ 
il Cutter path before 


manual operation 


Manual operation 





Fig. 3.5 (i) 
e Manual operation during cornering 
This is an example when manual operation is performed during 
cornering. Va>', Vgi', and V,)' are vectors moved in parallel with 
Va2, Vpi and Vp. by the amount of manual movement. The new 
vectors are calculated from Vc; and Vc). Then correct cutter or 
tool nose radius compensation is performed for the blocks 
following Pc. 


FP Programmed path 
(absolute command) 


Cutter path after \ : 
manual operation 


Cutter path before 
manual operation 


Manual operation 





Fig. 3.5 (j) 


e Manual operation after single block stop 

Manual operation was performed when execution of a block was 
terminated by single block stop. 

Vectors Vp, and Vg. are shifted by the amount of manual 
operation. Sub-sequent processing is the same as case a described 
above. An MDI operation can also be intervened as well as 
manual operation. The movement is the same as that by manual 
operation. 
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Cutter path after 
manual operation 


Manual 
operation 
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(absolute command) 


Pa 
Cutter path before 
manual operation 


Fig. 3.5 (k) 
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3.6 


Procedure 


OPERATION 3.MANUAL OPERATION 


RIGID TAPPING BY MANUAL HANDLE 


For execution of rigid tapping, set rigid mode, then switch to handle 
mode and move the tapping axis with a manual handle. For rigid 
tapping, refer to Section 4.4 in Part II of the User's Manual (T series) 
or Section 5.2 in Part II of the User's Manual (M series) and the 
relevant manual of the machine tool builder. 


Rigid tapping by manual handle 


1 Stop the spindle and servo axes, then set MDI mode by pressing 
the MDI switch among the mode selection switches. 
2 Enter and execute the following program: 
Example 1) M series / T series (G code systems B, C) 
M29 S100 ; 
G91 G84 Z0 F1000 ; 
Example 2) T series (G code system A) 
M29 S100 ; 
G84 WO F1000 ; 
The program above is required to determine a screw lead and set 
rigid tapping mode. In this program, a tapping axis must always 
be specified. Specify a value that does not operate the tapping 
axis. With the M series, specify G84 (G74). With the T series, 
specify G84 (G88). 


/A\ WARNING 
In this MDI programming, never specify commands 


to position the tool at a drilling position and at point 
R. Otherwise, the tool moves along an axis. 





3. When the entered program is executed, rigid tapping mode is set. 

4 After rigid mode is set upon completion of MDI program 
execution, switch to the handle mode by pressing the handle 
switch among the mode selection switches. 


/A\ CAUTION 


At this time, never press the reset key. Otherwise, 
rigid mode is canceled. 





5 To perform rigid tapping, select a tapping axis with the handle 
feed axis select switch, and move the tapping axis with the 
manual handle. 
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Explanation 
- Manual rigid tapping 


- Cancellation of rigid mode 


- Spindle rotation direction 


- Arbitrary tapping axis 
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Manual rigid tapping is enabled by parameter HRG (No. 5203#0) to 1. 


To cancel rigid mode, specify G80 as same the normal rigid tapping. 
When the reset key is pressed, rigid mode is canceled, but the canned 
cycle is not canceled. 

When the rigid mode switch is to be set to off for rigid mode 
cancellation (when parameter CRG (No. 5200#2) is set to 0), the G80 
command ends after the rigid mode switch is set to off. 


The rotation direction of the spindle is determined by a specified 
tapping cycle G code and the setting of parameter HRM (No. 5203#1). 
For example, when the HRM parameter is set to 0 in G84 mode, the 
spindle makes forward rotations as the tapping axis moves in the 
minus direction. (When the tapping axis moves in the plus direction, 
the spindle makes reverse rotations.) 


With the M series, an arbitrary tapping axis can be selected by setting 
bit 0 (FXY) of parameter No. 5101 to 1. With the T series, an 
arbitrary tapping axis can be selected not by using bit 0 (FXY) of 
parameter No. 5101 (but by using bit 0 (FXY) of parameter No. 5101 
when the FS15 format is specified). In this case, specify a G code 
for plane selection and the address of the tapping axis when setting the 
rigid tapping mode in the MDI mode. 


- G84 command/same block specifying both M29 and G84 


As the MDI program command for setting the rigid mode, G84 can be 
specified as a rigid tapping G code (by setting bit 0 (G84) of 
parameter No. 5200 to 1), or M29 and G84 can be specified in the 
same block. 

Example 1: G91 G84 Z0 F1000 S100 ; 

Example 2: G91 G84 Z0 F1000 M29 S100 ; 


- Specification of manual handle feed faster than the rapid traverse rate 


- Series 15 format command 


Set parameter (No.7117) to 0 so that when manual handle feed is 
specified which is faster than the rapid traverse rate, the handle pulses 
beyond the rapid traverse rate are ignored. 


By setting bit 1 (FCV) of parameter No. 0001 to 1, the Series15 
format can be used for specification. 

Example 1: G91 G84.2(G84.3) ZO F1000 S100; (M series) 

Example 2: G84.2 WO F1000 S100; (T series : G code systems B, C) 
Example 3: G91 G84.2 ZO F1000 S100; (T series : G code system A) 
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- Acceleration/deceleration type 


When manual rigid tapping is executed, the acceleration/deceleration 
type and acceleration/deceleration time constant set in the rigid 
tapping parameters are valid. 

The same settings are valid also for extraction. 


- In the case of multi-spindle operation 


Limitation 


- Excessive error check 


In the case of multi-spindle operation, a spindle can be selected by 
specifying a P command as well as an S command. 
Example : When the 2nd spindle is selected: 

M29 S100 P2; 

G91 G84 ZO F1000 ; 


In manual rigid tapping, only an excessive error during movement is 
checked. 


- Tool axis direction handle feed 


- Extraction override 


- Number of repeats 


Tool axis direction handle feed is disabled. 


In manual rigid tapping, the extraction override function is disabled, 
and the use of an acceleration/deceleration time constant for extraction 
is disabled. 


In MDI programming, never specify KO and LO, which are used to 
specify that the number of repeats is 0 and to disable the execution of 
a G84 block. If KO or LO is specified, rigid mode cannot be set. 


- Positioning of the tool to a drilling position 


When positioning the tool to a drilling position, select the X-axis or 
Y-axis with the axis select switch in handle mode. Never use the 
method of positioning to a drilling position in MDI mode or MEM 
mode. The method can operate the tapping axis. 


- Three-dimensional rigid tapping 


Three-dimensional rigid tapping cannot be used in rigid tapping using 
the manual handle. 


- Interpolation type rigid tapping 


Interpolation type rigid tapping cannot be used in rigid tapping using 
the manual handle. To perform rigid tapping using the manual 
handle, select the conventional type of rigid tapping with bit 3 (CHR) 
of parameter No. 5202. 
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3.7 


Procedure 
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MANUAL NUMERICAL COMMAND 


Procedure 


The manual numerical command function allows data programmed 

through the MDI to be executed in jog mode. Whenever the system 

is ready for jog feed, a manual numerical command can be executed. 

The following eight functions are supported: 

(1) Positioning (G00) 

(2) Linear interpolation (G01) 

(3) Automatic reference position return (G28) 

(4) 2nd/3rd/4th reference position return (G30) 

(5) M codes (miscellaneous functions) 

(6) S codes (spindle speed functions) 

(7) T codes (tool functions) 

(8) B codes (second auxiliary functions) 

By setting the following parameters, the commands for axial motion 

and the M, S, T, and B functions can be disabled: 

(1) Positioning (G00): ....... eee eee Parameter JAXx (No. 7010#0) 

(2) Linear interpolation (GO1):............ Parameter JAXx (No. 7010#0) 

(3) Automatic reference position return (G28): 
Mounties ne Pat ce st vagan erie fekees Parameter JAXx (No. 7010#0) 

(4) 2nd/3rd/4th reference position return (G30): 
Shiba en Gi eteae Parameter JAXx (No. 7010#0) 

(5) Mcodes (miscellaneous functions): Parameter JMF (No. 7002#0) 

(6) S codes (spindle speed functions):.... Parameter JSF (No. 7002#1) 

(7) T codes (tool functions): ..............6 Parameter JSF (No. 7002#2) 

(8) Bcodes (second auxiliary functions):Parameter JBF (No. 7002#3) 








Manual numerical command 


Press the jog switch (one of the mode selection switches). 
2 Press function key : 


Press soft key [JOG] on the screen. The following manual 
numerical command screen is displayed. 
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ACTUAL POSITION OO123 NOOOOYDG 


ABSOLUTE 


0.000 
0.00 
@.000 











PARTS COUNT 
RUN TIME GH OM BS 
CYCLE TIME GH OM OS 








ODN<X 






6. 688 6. 668 
Y 8. 888 8. 808 
2 6. 688 6. 688 
A 6. 668 6. 668 
c 6. 688 6. 668 


G@6 G22 G58 F 
G9? G8A G5a.2 
696 G98 G1i3.1 
G69 G67 G58.1 » 
G95 G5a 

G21 G64 T 
G46 G18 S 
G25 G69.1 A> 


a0 =x 





JOG STOP *** *x* 12: 66: 68 | PATH1 


i (ioe cal a LJ | | ee Bal J 


Fig. 3.7 (a) Manual numerical command screen 
The remaining portion of the axis information currently not 





shown on the screen can be displayed by pressing the or 
key. 


NOTE 
1 The actual feedrate (F) and the actual spindle speed 


(S) are displayed only for 9” window. 
2 If two or more identical axis names exist for the 
same path, they are not displayed. 
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4 Enter the required commands by using address keys and numeric 
keys on the MDI panel, then press soft key [INPUT] or the 
key to set the entered data. 


ACTUAL POSITION OZ) wh 23 NQOGOQ 


ABSOLUTE F Q ee 


Q ° 121%) PARTS COUNT 8 
8. GOO [oe rine ot 0 85 
0.000 













18. 608 6. 688 6. 688 
26. 668 6. 668 6. 668 
6. 668 6. 688 








ODN<xX 





ODN 


8.000 8. 000 
8.008 8.900 
MODAL 

Goo G22 Gso  F aM 8 

697 GSB G50.2 

698 698 Gi3.1 " 8 

669 G67 G50.1 p a 

695 G54 

G21 G6d T 8 

G40 G18 

G25 G69.1 = J A> 


JOG STOP *** *** 12: 66: 68 | PATH1 


tel a Ui 7 [ [| a es tee 





Fig. 3.7 (b) 
The following data can be set: 
1. G00: Lee Positioning 
2... GOLiesaicsec Linear interpolation 
3. G28: ee Automatic reference position return 
An G30 Siaiesicaies 2nd/3rd/4th reference position return 
5. Mcodes: ......... Miscellaneous functions 
6. Scodes:........... Spindle speed functions 
7.  Tocodes:......... Tool functions 
8. Bcodes:.......... Second auxiliary functions 


The set data is maintained even when the screen or mode is changed. 


NOTE 
When an alarm state exists, data cannot be set. 


5 Press the cycle start switch on the machine operator's panel to 
start command execution. The status is indicated as "MSTR." 
The automatic operation signal, STL, can be turned on by setting 
parameter JST (No.7001#2). 


NOTE 
If the cycle start switch is pressed while an alarm 
state exists, a"START REJECTED (ALARM 


EXISTED)" warning is generated, and the entered 
data cannot be executed. 
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Explanation 
- Positioning 


OPERATION 3. MANUAL OPERATION 


6 Upon the completion of execution, the "MSTR" status indication 
is cleared from the screen, and automatic operation signal STL is 
turned off. The set data is cleared entirely. G codes are set to GOO 
or GOI according to the setting of parameter GO1 (No.3402#0). 


An amount of travel is given as a numeric value, preceded by an 
address such as X, Y, or Z. This is always regarded as being an 
incremental command, regardless of whether G90 or G91 is specified. 
Manual rapid traverse selection switch 
Off On 








Feedrate Jog feedrate for each axis Rapid traverse rate for each axis 
(parameter) (No.1423) (No.1420) 





Automatic 


é Exponential acceleration/ Linear acceleration/deceleration 
acceleration/ 


deceleration 


deceleration in jog feed for each axis |_ in rapid traverse for each axis 


(parameter) (No. 1624) (No.1620) 











Override Manual feed override Rapid traverse override 


- Linear interpolation (G01) 


NOTE 

1 When the manual rapid traverse switch is off, the 
feedrate is clamped so that the axis-by-axis manual 
rapid traverse rate (parameter No. 1424) is not 
exceeded. 
The tool cannot move if linear interpolation type 
positioning (where the tool path is linear) has been 
performed by setting parameter LRP (No. 1401 #1). 





An amount of travel is given as a numeric value, preceded by an 
address such as X, Y, or Z. This is always regarded as being an 
incremental command, regardless of whether G90 or G91 is specified. 
Axial movements are always performed in incremental mode even 
during scaling or polar coordinate interpolation. In addition, 
movement is always performed in feed per minute mode regardless of 
the specification of G94 or G95. 
Feedrate Dry run feedrate 
(parameter) (No. 1410) 

Exponential acceleration/deceleration 
in cutting feed for each axis 
(No.1622) 

Override Manual feed override 





Automatic acceleration/deceleration 
(parameter) 
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NOTE 
Since the feedrate is always set to the dry run 
feedrate, regardless of the setting of the dry run 


switch, the feedrate cannot be specified using F. 
The feedrate is clamped such that the maximum 
cutting feedrate, set in parameter No. 1430, is not 
exceeded. 





- Automatic reference position return (G28) 
The tool returns directly to the reference position without passing 
through any intermediate points, regardless of the specified amount of 
travel. For axes for which no move command is specified, however, a 
return operation is not performed. 
Feedrate Rapid traverse rate 
(parameter) (No. 1420) 
Linear acceleration/deceleration in 
rapid traverse for each axis 
(No. 1620) 
Override Rapid traverse override 





Automatic acceleration/deceleration 
(parameter) 











- 2nd, 3rd, or 4th reference position return (G30) 
The tool returns directly to the 2nd, 3rd, or 4th reference position 
without passing through any intermediate points, regardless of the 
specified amount of travel. To select a reference position, specify 2, 3, 
or 4 in address P. If address P is omitted, a return to the second 
reference position is performed. 
Feedrate Rapid traverse rate 
(parameter) (No. 1420) 
Linear acceleration/deceleration in 
rapid traverse for each axis 
(No. 1620) 
Override Rapid traverse override 





Automatic acceleration/deceleration 
(parameter) 








NOTE 

The function for 3rd/4th reference position return is 

optional. 

1 When the option is not selected 
If "P2" is not specified in address P, the alarm 
PS0046 is generated and the function cannot be 
executed. 
When the option is selected 
If"P2,""P3," or "P4" is not specified in address P, 
the alarm PS0046 is generated and the function 
cannot be executed. 
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- M codes (Auxiliary functions) 
After address M, specify a numeric value of no more than the number 
of digits specified by parameter No. 3030. When M98 or M99 is 
specified, it is executed but not output to the PMC. 


NOTE 


Neither subprogram calls nor custom macro calls 
can be performed using M codes. 





- S codes (spindle speed functions) 
After address S, specify a numeric value of no more than the number 
of digits specified by parameter No. 3031. 


NOTE 
Subprogram calls cannot be performed using S 
codes. 





- T codes (tool functions) 
After address T, specify a numeric value of no more than the number 
of digits specified by parameter No. 3032. 


NOTE 
Subprogram calls cannot be performed using T 
codes. 





- B codes (second auxiliary functions) 
After address B, specify a numeric value of no more than the number 
of digits specified by parameter No. 3033. 


NOTE 

1 Bcodes can be renamed "U," "V," "W," "A," or "C" 
by setting parameter No. 3460. If the new name is 
the same as an axis name address, "B" is used. 


Note that "U," ""V," and "W" can be used for the T 
codes only when the G codes are B or C. 
Subprogram calls cannot be performed using B 
codes. 





- Data input 
(1) When addresses and numeric values of a command are typed, 
then soft key [INPUT] is pressed, the entered data is set. In this 
case, the input unit is either the least input increment or 
calculator-type input format, according to the setting of bit 0 
(DPI) of parameter No. 3401. 


The key on the MDI panel can be used instead of soft key 


[INPUT]. 
(2) Commands can be typed successively. 
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- Erasing data 


- Scrolling pages 


- Halting execution 
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(3) Key entry is disabled during execution. 
If soft key [INPUT] or the key on the MDI panel is 


pressed during execution, an "EXECUTION/MODE 
SWITCHING IN PROGRESS" warning is output. 

(4) If input data contains an error, the following warnings may 
appear: 


- AGcode other than GOO, G01, and G28 has been 
entered. 

- Anaddress other than those displayed on the manual 
numerical command screen has been entered. 

FORMAT A value that exceeds the following limitations has been 

ERROR entered. 

Address G:......... 2 digits 


9 digits 
M, S, T, Bro... The parameter-set number of digits 





NOTE 
Even when the memory protection key is set, key 
input can nevertheless be performed. 


(1) When soft key [CLEAR] is pressed, followed by soft key 
[EXEC], all the set data is cleared. In this case, however, the G 
codes are set to GOO or G01, depending on the setting of bit 0 
(G01) of parameter No. 3402. 


Data can also be cleared by pressing the key on the MDI 


panel. 


(2) If soft key [CLEAR] is pressed during execution, an 
"EXECUTION/MODE SWITCHING IN PROGRESS" warning 
is output. 


If the whole axis information cannot be displayed on a single page, 
you can scroll pages by pressing the or key. 


If one of the following occurs during execution, execution is halted, 
and the data is cleared in the same way as when soft key [CLEAR] is 
pressed. The remaining distance to be traveled is canceled. 

(1) When a feed hold is applied 

(2) When the mode is changed to other than jog feed mode 

(3) When an alarm is generated 

(4) When a reset or emergency stop is applied 

The M, S, T, and B functions remain effective even upon the 
occurrence of the above events, with the exception of (4). 
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- Modal information 


- Jog feed 
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Modal G codes and addresses used in automatic operation or MDI 
operation are not affected by the execution of commands specified 
using the manual numerical command function. 


When the tool is moved along an axis using a feed axis and direction 
selection switch on the manual numerical command screen, the 
remaining amount of travel is always shown as "0". 


- Disabling the M, S, T, and B functions 


Limitation 
- M, S, T, and B functions 


- Jog feed 


- Mirror image 


- REF mode 


By setting bit 0 to bit 3 (JMF, JSF, JTF, and JBF) of parameter No. 
7002, the M, S, T, and B functions can be disabled. If a disabled 
function is specified, the warning "THIS COMMAND CANNOT BE 
EXECUTED." is issued. 


While automatic operation is halted, manual numerical commands can 

be executed. In the following cases, however, a "START REJECTED 

(ALREADY EXECUTING)" warning is output, and command 

execution is disabled. 

(1) When an M, S, T, or B function is already being executed, a 
manual numerical command containing an M, S, T, or B function 
cannot be executed. 

(2) When an M, S, T, or B function is already being executed, and 
that function alone is specified or a block specifying that 
function also contains another function (such as a move 
command or dwell function) which has already been completed, 
a manual numerical command cannot be executed. 


When a manual numerical command is specified while the tool is 
being moved along an axis by using a feed axis and direction selection 
switch, the axial movement is interrupted, and the manual numerical 
command is executed. Therefore, the tool cannot be moved along an 
axis by using a feed axis and direction selection switch during 
execution of a manual numerical command. 


A mirror image cannot be produced for the direction of a specified 
axial movement. 


The manual numerical command screen is not displayed in the REF 
mode. 
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- Indexing of the index table and chopping 


Commands cannot be specified for an axis along which operation is 
being performed during indexing or chopping. 

If such an axis is specified for execution, a "THIS COMMAND CAN 
NOT EXECUTE" warning is output. 


- Functions that cannot be specified 


Commands cannot be specified for axes that operate using any of the 
following functions. 

e Index table indexing 

e Chopping 

e Spindle positioning 

e ~—_— Polygon turning 

e Axis recomposition and superposition control 

If the commands are executed for any such axis, a "THIS 
COMMAND CAN NOT EXECUTE" warning is generated. 


- Functions that cannot be used 


Commands cannot be specified for the following functions. 
e Extended axis name 

e Extended spindle name 

e Address P command for multi spindle 

e  Cscontour control function 


- 894 - 


B-63944EN/02 OPERATION 3. MANUAL OPERATION 


3.8 MANUAL FEED FOR 5-AXIS MACHINING 


This function enables the use of the following functions. 


e Manual feed for 5-axis machining 

- Tool axis direction handle feed/tool axis direction JOG 
feed/tool axis direction incremental feed 

- Tool axis right-angle direction handle feed/tool axis 
right-angle direction JOG feed/tool axis _ right-angle 
direction incremental feed 

- Tool tip center rotation handle feed/tool tip center rotation 
JOG feed/tool tip center rotation incremental feed 

- Table vertical direction handle feed/table vertical direction 
JOG feed/table vertical direction incremental feed 

- Table horizontal direction handle feed/table horizontal 
direction JOG feed/table horizontal direction incremental 
feed 


A handle interrupt can be generated for each handle feed. 
Handle interrupts work according to the corresponding handle 
feed specifications described hereinafter unless otherwise noted. 


e Screen display functions 
- Display of the coordinate of the tool tip 
- Display of pulse values 
- Display of the amount of machine axes movement 


NOTE 

1 To execute 5-axis machining handle feed requires 
the manual handle feed option. Also, to generate 
5-axis machining handle interrupts requires the 
manual handle interrupt option. 


2 A5-axis machining handle interrupt must not be 
generated when a rotation axis command is being 
executed during automatic operation. 

Manual feed for 5-axis machining is disabled when 
the manual reference position return mode is 
selected. 
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3.8.1 Tool Axis Direction Handle Feed/Tool Axis Direction JOG 
Feed/Tool Axis Direction Incremental Feed 


Overview 
In the tool axis direction handle feed, tool axis direction JOG feed, 
and tool axis direction incremental feed, the tool or table is moved in 
the tool axis direction. 

Explanation 


- Tool axis direction 
The tool axis direction that is taken when all the rotation axes for 
controlling the tool are at an angle of 0 degree is specified in 
parameters No.19697, No.19698, and No.19699. As the rotation 
axes for controlling the tool rotate, the tool axis direction changes 
according to the rotation axis angle. 











Workpiece 
~~ 




















- Tool axis direction feed in the tilted working plane command mode 
If bit 0 (TWD) of parameter No. 12320 is set to 1, the feed direction of 
the tool axis direction feed in the tilted working plane command mode 
is assumed to be the Z direction in the feature coordinate system of the 
tilted working plane command. 


- Tool axis direction handle feed 

The tool axis direction handle feed is enabled when the following four 

conditions are satisfied: 

<1> Handle mode is selected. 

<2> The tool axis direction feed mode signal (ALNGH) is set to "1" 
and the table base signal (TB_BASE) is set to "0". 

<3> The state of the first manual handle feed axis selection signals 
(HS1A - HSIE) to make the tool axis direction handle feed 
mode effective is set in parameter No.12310. 

<4> The value of parameter No.12310 matches the first manual 
handle feed axis selection signals (HS1A - HS1E). 
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Amount of movement 


Feedrate clamp 
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When the manual pulse generator is rotated, the tool is moved in the 
tool axis direction by the amount of rotation. 


The feedrate is clamped so that the speed of each moving axis dose 
not exceed the manual rapid traverse rate (parameter No.1424). 
Handle pulses generated while the clamp feedrate is exceeded are 
ignored. 


- Tool axis direction JOG feed/tool axis direction incremental feed 


Feedrate 


Feedrate clamp 


The tool axis direction JOG feed or tool axis direction incremental 
feed is enabled when the following three conditions are satisfied: 
<1> JOG mode or incremental feed mode is selected. 
<2> The tool axis direction feed mode signal (ALNGH) is set to "1" 
and the table base signal (TB BASE) is set to "0". 
<3> The feed axis direction selection signal (+Jn, -Jn (where n = | to 
the number of controlled axes)) is set to "1" for the axis 
corresponding to the direction specified by parameter No.19697. 
(Even when the tool axis direction is slant because of the settings 
of parameters No.19698 and No.19699, the signal that activates 
the tool axis direction JOG feed or tool axis direction incremental 
feed is determined by parameter No.19697 only.) 
Ex.) No.19697 = 3 (+Z-axis direction); Z-axis is the 3rd axis. 
e  +J3: Tool axis direction + 
e —_ -J3: Tool axis direction - 


The feedrate is the dry run rate (parameter No.1410). The manual 
feedrate override feature is available. 

If bit 2 (FR) of parameter No. 12320 is set to 1, the feedrate of a 
rotation axis is the jog feedrate of the axis to be rotated (parameter No. 
1423). The manual feedrate override feature is available. 


The feedrate is clamped so that the speed of each moving axis dose 
not exceed the manual rapid traverse rate (parameter No.1424). 
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3.8.2 | Tool Axis Right-Angle Direction Handle Feed/Tool Axis 
Right-Angle Direction JOG Feed/Tool Axis Right-Angle 
Direction Incremental Feed 


Overview 
In the tool axis right-angle direction handle feed, tool axis direction 
JOG feed, or tool axis direction incremental feed, the tool or table is 
moved in the tool axis direction. 
If bit | (FLL) of parameter No. 12320 is set to 1, the tool or table is 
moved in the latitude or longitude direction determined by the tool 
axis direction vector. 


Explanation 


- Tool axis right-angle direction 
There are two tool axis right-angle directions, which are perpendicular 
to the tool axis direction (see the previous section). 


Tool axis 
Parameter No.19697 right-angle 
direction 1 


Tool axis right-angle 
direction 2 


(The reference tool direction Pidrseian ‘7 direction 


is +X.) 
(The reference tool direction 
is +Y.) 
(The reference tool direction 
is +Z.) 





+Z direction +X direction 











+X direction +Y direction 





This table shows the tool axis right-angle directions that may be taken 
when the angles of all the rotation axes for controlling the tool are 0 
degree and when parameters No.19698 and No.19699 are both set to 
0. 

When the reference tool axis direction is inclined based on the settings 
of parameters No.19698 and No.19699, the tool axis right-angle 
direction is also inclined as much. 

As the rotation axes for controlling the tool rotate, the tool axis 
right-angle direction changes according to the rotation axis angle. 
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Tool axis right- 
angle direction —__\ 


Tool axis 
direction 


















(Example) When the tool rotation axes are B-axis and C-axis and the tool axis 
direction is the Z-axis direction 











Z 
A 
4 Tool axis direction 
Tool axis right-angle direction 2 
WW 
Fe a se 
a ry Z 
Cc B 
Y 
Tool axis right-angle direction 1 X 











- Latitude and longitude directions 


When bit | (FLL) of parameter No. 12320 is set to 1, the feed direction 
is defined as follows: 

Let a vector perpendicular to a plane formed by the tool axis direction 
vector (7) and normal axis direction vector (P) (parameter No. 
12321) be the tool axis right-angle direction 1 (longitude direction) 
vector (R1). When tool axis right-angle direction 1 is selected, a 
movement in the positive direction means a movement in this vector 
direction, and a movement in the negative direction means a movement 
in the direction opposite to the vector direction. (Longitude direction 
feed) 

Equation: Rl=PxT 

Let a vector perpendicular to the tool axis direction vector (T ) and 
tool axis right-angle direction 1 (longitude direction) vector (R1) be 
the tool axis right-angle direction 2 (latitude direction) vector (22). 
When tool axis right-angle direction 2 is selected, a movement in the 
positive direction means a movement in this vector direction, and a 
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movement in the negative direction means a movement in the direction 
opposite to the vector direction. (Latitude direction) 
Equation: R2=7xRl 


When the tool axis direction vector (7 ) is parallel to the normal axis 
direction vector (P) (parameter No. 12321) (when the angle between 
them is not greater than the setting of parameter No. 12322), tool axis 
right-angle direction 1 and tool axis right-angle direction 2 are 
assumed as follows: 

Tool axis Tool axis 
right-angle right-angle 
direction 1 direction 2 


Parameter Normal axis 
No.12321 direction 


+X direction +Y direction +Z direction 
+Y direction +Z direction +X direction 
+Z direction +X direction +Y direction 




















If 0 is set in parameter No. 12321, the normal axis direction is set to 
the reference tool axis direction (parameter No. 19697). 
If a value other than 0 to 3 is specified in parameter No. 12321, alarm 









PS5459 is issued. 
Normal axis direction: P 
Tool axis direction: T 

Tool axis 

right-angle F 
direction 2 Fae 
ee ca direction 1 
direction): R2 (longitude 

direction): R1 

















- Tool axis right-angle direction feed in the tilted working plane command mode 
If bit 0 (TWD) of parameter No. 12320 is set to 1, the feed direction of 
the tool axis right-angle direction feed in the tilted working plane 
command mode is defined as follows: 
Tool axis right-angle direction 1: X direction in the feature 
coordinate system of the tilted working plane command 
Tool axis right-angle direction 2: Y direction in the feature 
coordinate system of the tilted working plane command 
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- Tool axis right-angle direction handle feed 


- Amount of movement 


- Feedrate clamp 


The tool axis right-angle direction handle feed is enabled when the 

following four conditions are satisfied: 

<1> Handle mode is selected. 

<2> The tool axis right-angle direction feed mode signal (RGHTH) is 
set to "1" and the table base signal (TB_BASE) is set to "0". 

<3> The state of the first manual handle feed axis selection signals 
(HS1A - HSIE) to make the tool axis right-angle direction 
handle feed mode effective is set in parameter No.12311 or 
No.12312. 

<4> The value of parameter No.12311 or No.12312 matches the first 
manual handle feed axis selection signals (HS1A - HS1E). 


When the manual pulse generator is rotated, the tool is moved in the 
tool axis right-angle direction by the amount of rotation. 


The feedrate is clamped so that the speed of each moving axis dose 
not exceed the manual rapid traverse rate (parameter No.1424). 
Handle pulses generated while the clamp feedrate is exceeded are 
ignored. 


- Tool axis right-angle direction JOG feed/tool axis right-angle direction 


incremental feed 


The tool axis right-angle direction JOG feed or tool axis right-angle 

direction incremental feed is enabled when the following three 

conditions are satisfied: 

<1> JOG mode or incremental feed mode is selected. 

<2> The tool axis right-angle direction feed mode signal (RGHTH) is 
set to "1" and the table base signal (TB_BASE) is set to "0". 

<3> The feed axis direction selection signal (+Jn, -Jn (where n = | to 
the number of controlled axes)) is set to "I" for the axis 
corresponding to the direction that is perpendicular to the 
direction specified by parameter No.19697. (Even when the 
tool axis direction is slant because of the settings of parameters 
No.19698 and No.19699, the signal that activates the tool axis 
right-angle direction JOG feed or tool axis right-angle direction 
incremental feed is determined by parameter No.19697 only.) 
Ex.) No.19697=3 (+Z-axis direction); X-, Y-, and Z-axes are the 

Ist, 2nd, and 3rd axes respectively. 








e  +J1: Tool axis right-angle direction 1 + 
e __-J1: Tool axis right-angle direction 1 - 
e  +J2: Tool axis right-angle direction 2 + 
e —_ -J2: Tool axis right-angle direction 2 - 
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- Feedrate 


- Feedrate clamp 
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The feedrate is the dry run rate (parameter No.1410). The manual 
feedrate override feature is available. 

If bit 2 (JFR) of parameter No. 12320 is set to 1, the feedrate is the jog 
feedrate (parameter No. 1423) for a driven feed axis direction 
selection signal. The manual feedrate override feature is available. 


The feedrate is clamped so that the speed of each moving axis dose 
not exceed the manual rapid traverse rate (parameter No.1424). 
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3.8.3 Tool Tip Center Rotation Handle Feed/Tool Tip Center 
Rotation JOG Feed/Tool Tip Center Rotation Incremental 
Feed 


Overview 
In the tool tip center rotation handle feed, tool tip center rotation JOG 
feed, and tool tip center rotation incremental feed, when a rotary axis 
is rotated by manual feed, the linear axes (X, Y, and Z axes) are 
moved so that turning the rotation axis does not change the relative 
relationship between the tool tip position and the workpiece (table). 


e The following figure shows an example where the tool is rotated on 
the rotation axis. In this case, the linear axes are moved so that the 


position of the tool tip is not moved with respect to the workpiece. 


\ 
he - 
N 
\ 
\ 
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’ 
“ 
“ 


\ 
\ 
\ 
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\ 
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Tool tip position 


Workpiece 











e The following figure shows an example where the table is rotated 
on the rotation axis. As in the previous case, the linear axes are 
moved so that the position of the tool tip is not moved with respect 
to the workpiece (table). 


a 
| , 
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Table Workpiece $ 
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- Tool tip center rotation handle feed 


- Amount of movement 


- Feedrate clamp 


The tool tip center rotation handle feed is enabled when the following 

four conditions are satisfied: 

<1> Handle mode is selected. 

<2> The tool tip center rotation feed mode signal (RNDH) is set to 
i 

<3> The state of the first manual handle feed axis selection signals 
(HS1A - HS1E) to make the tool tip center rotation handle feed 
mode effective is set in parameter No.12313 or No.12314. 

<4> The value of parameter No.12313 or No.12314 matches the first 
manual handle feed axis selection signals (HS1A - HS1E). 


When the manual pulse generator is rotated, the rotation axis is moved 
by the amount of rotation. The linear axes (X, Y, and Z axes) are 
moved so that turning the rotation axis does not change the relative 
relationship between the tool tip position and the workpiece. 


The feedrate is clamped so that the synthetic speed of the linear axes 
(in the tangential direction) does not exceed the manual rapid traverse 
rate (parameter No.1424) (of any moving linear axis). The feedrate 
is also clamped so that the speed of the rotation axis does not exceed 
the manual rapid traverse rate (parameter No.1424) (of that particular 
axis). Handle pulses generated while the clamp feedrate is exceeded 
are ignored. 


- Tool tip center rotation JOG feed/tool tip center rotation incremental feed 


- Feedrate 


The tool tip center rotation JOG feed or tool tip center rotation 
incremental feed is enabled when the following three conditions are 
satisfied: 
<1> JOG mode or incremental feed mode is selected. 
<2> The tool tip center rotation feed mode signal (RNDH) is set to 
as bas 
<3> The feed axis direction selection signal (+Jn, -Jn (where n = | to 
the number of controlled axes)) is set to "1" for the rotation axis 
to be rotated. 
Ex.) When the B-axis (4th axis) is rotated 
e +J4: Tool tip center rotation feed + 
e —_ -J4: Tool tip center rotation feed - 


Control is exerted so that the synthetic speed of the linear axes (in the 
tangential direction) is the dry run rate (parameter No.1410). The 
manual feedrate override feature is available. 

If bit 2 (FR) of parameter No. 12320 is set to 1, the feedrate of a 
rotation axis is the jog feedrate of the axis to be rotated (parameter No. 
1423). The manual feedrate override feature is available. 
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The feedrate is clamped so that the synthetic speed of the linear axes 
(in the tangential direction) does not exceed the manual rapid traverse 
rate (parameter No.1424) (of any moving linear axis). The feedrate 
is also clamped so that the speed of the rotation axis does not exceed 
the manual rapid traverse rate (parameter No.1424) (of that particular 
axis). 


- Selection of the tool length offset value 


The tool length in manual feed for 5-axis machining is determined as 
explained below. Table 3.8.3 (a)) 

If bit 2 (LOD) of parameter No. 19746 is set to 0, the value set in 
parameter No. 12318 is assumed to be the tool length. 

If the LOD parameter is set to 1, and the tool length offset function is 
performed, the offset data specified for the tool length offset is 
assumed to be the tool length. 

If the LOD parameter is set to 1, and the tool length offset function is 
not performed, the tool length is determined as follows. If bit 3 
(LOZ) of parameter No. 19746 is set to 0, the value set in parameter 
No. 12318 is assumed to be the tool length in manual feed for 5-axis 
machining; if LOZ is set to 1, the tool length is assumed to be 0. 


Table 3.8.3 (a) Tool length offset value in manual feed for 5-axis 
machining 





19746#2(LOD) 
=1 


Tool length Tool length offset 
offset canceled 
enabled 


tse Parameter roa aces No. 12318 
(LOZ) Ee No. 12318 Offset data 


The tool length offset function is enabled when the following two 
conditions are both satisfied: 
e The tool length offset function listed below is enabled (modal 
code of group 8 except G49) 
- G43,/G44 : Tool length compensation 
- G43.4/G43.5 : Tool center point control 
e The H/D code is other than 0. 





If bit 6 (CLR) of parameter No. 3402 is set to 0 not to clear the tool 
length offset vector, G codes of group 8, and H codes at the time of a 
reset, the tool length offset status is maintained when a reset is made 
in the tool length offset mode. 
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3.8.4 Table Vertical Direction Handle Feed/Table Vertical Direction 
JOG Feed/Table Vertical Direction Incremental Feed 


Overview 


Explanation 


- Table vertical direction 


In the table vertical direction handle feed, table vertical direction JOG 
feed, and table vertical direction incremental feed, the tool is moved in 
the table vertical direction. 


The table vertical direction is a direction vertical to the table. It is 
equal to the tool axis direction specified in parameter No.19697 when 
all of the rotation axes for controlling the table are at a an angle of 0 
degree. When the rotation axes for controlling the table rotate, the 
table vertical direction changes according to the rotation axis angle. 









Table vertical direction 











- Table-based vertical direction feed in the tilted working plane command mode 


If bit 0 (TWD) of parameter No. 12320 is set to 1, the feed direction of 
the table-based vertical direction feed in the tilted working plane 
command mode is assumed to be the Z direction in the feature 
coordinate system of the tilted working plane command. 


- Table vertical direction handle feed 


The table vertical direction handle feed is enabled when the following 

four conditions are satisfied: 

<1> Handle mode is selected. 

<2> Both the tool axis direction feed mode signal (ALNGH) and the 
table base signal (TB_BASE) are set to "1". 

<3> The state of the first manual handle feed axis selection signals 
(HS1A - HSIE) to make the table vertical handle feed mode 
effective is set in parameter No.12310. 

<4> The value of parameter No.12310 matches the first manual 
handle feed axis selection signals (HS1A - HS1E). 
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- Amount of movement 


- Feedrate clamp 


OPERATION 3.MANUAL OPERATION 


When the manual pulse generator is rotated, the tool is moved in the 
table vertical direction by the amount of rotation. 


The feedrate is clamped so that the speed of each moving axis dose 
not exceed the manual rapid traverse rate (parameter No.1424). 
Handle pulses generated while the clamp feedrate is exceeded are 
ignored. 


- Table vertical direction JOG feed/table vertical direction incremental feed 


- Feedrate 


- Feedrate clamp 


The table vertical direction JOG feed or table vertical direction 
incremental feed is enabled when the following three conditions are 
satisfied: 
<1> JOG mode or incremental feed mode is selected. 
<2> Both the tool axis direction feed mode signal (ALNGH) and the 
table base signal (TB_BASE) are set to "1". 
<3> The feed axis direction selection signal [+Jn,-Jn (where n = | to 
the number of controlled axes)] is set to "1" for the axis 
corresponding to the direction specified by parameter No.19697. 
Ex.) No.19697 = 3 (+Z-axis direction); Z-axis is the 3rd axis. 
e +J3: Table vertical direction + 
e —_ -J3: Table vertical direction - 


The feedrate is the dry run rate (parameter No.1410). The manual 
feedrate override feature is available. 

If bit 2 (JFR) of parameter No. 12320 is set to 1, the feedrate is the jog 
feedrate (parameter No. 1423) for a driven feed axis direction 
selection signal. The manual feedrate override feature is available. 


The feedrate is clamped so that the speed of each moving axis dose 
not exceed the manual rapid traverse rate (parameter No.1424). 
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3.8.5 Table Horizontal Direction Handle Feed/Table Horizontal 
Direction JOG Feed/Table Horizontal Direction Incremental 
Feed 


Overview 
In the table horizontal direction handle feed, table horizontal direction 
JOG feed, and table horizontal direction incremental feed, the tool is 
moved in the table horizontal direction. 
If bit | (FLL) of parameter No. 12320 is set to 1, the tool or table is 
moved in the latitude or longitude direction determined by the 
table-based vertical direction vector. 


Explanation 

- Table horizontal direction 
There are two table horizontal directions, which are perpendicular to 
the table vertical direction (see the previous section). 


Table horizontal Table horizontal 


Parameter No.1962% direction 1 direction 2 


1 (The reference tool 
direction is +X.) 


+Y direction +Z direction 





2 (The reference tool 
direction is +Y.) 

3 (The reference tool 
direction is +Z.) 


+Z direction +X direction 





+X direction +Y direction 











This table shows the table horizontal directions that may be taken 
when the angles of all the rotation axes for controlling the table are 0 
degree. 

As the rotation axes for controlling the table rotate, the table 
horizontal direction changes according to the rotation axis angle. 








Table horizontal direction 2 


Table horizontal direction 1 
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(Example) When the table rotation axis is the B-axis, and the table vertical direction 
is the Z-axis direction 






Table horizontal direction 2 





xv 


B 


Table horizontal direction 1 











- Latitude and longitude directions 
When bit 1 (FLL) of parameter No. 12320 is set to 1, the feed 
direction is defined as follows: 
Let a vector perpendicular to a plane formed by the table-based 
vertical direction vector (7) and normal axis direction vector (P) 
(parameter No. 12321) be the table-based horizontal direction 1 
(longitude direction) vector (1). When tool axis right-angle 
direction 1 is selected, a movement in the positive direction means a 
movement in this vector direction, and a movement in the negative 
direction means a movement in the direction opposite to the vector 
direction. (Longitude direction feed) 
Equation: R1=PxT 
Let a vector perpendicular to the table-based vertical direction vector 
(T ) and table-based horizontal direction 1 (longitude direction) vector 
(R1) be the table-based horizontal direction 2 (latitude direction) 
vector (R2). When tool axis right-angle direction 2 is selected, a 
movement in the positive direction means a movement in this vector 
direction, and a movement in the negative direction means a 
movement in the direction opposite to the vector direction. (Latitude 
direction) 
Equation: R2=TxRl 


When table-based vertical direction vector (7) is parallel to the 
normal axis direction vector (P) (parameter No. 12321) (when the 
angle between them is not greater than the setting of parameter No. 
12322), tool axis right-angle direction 1 and tool axis right-angle 
direction 2 are assumed as follows: 


Parameter | Normal axis Table-based Table-based 
No. 12321 direction horizontal direction 1 | horizontal direction 2 


+X direction +Y direction +Z direction 





+Y direction +Z direction +X direction 

















+Z direction +X direction +Y direction 
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If 0 is set in parameter No. 12321, the normal axis direction is set to 
the tool axis direction. 

If a value other than 0 to 3 is specified in parameter No. 12321, alarm 
PS5459 is issued. 





Normal axis direction: P Table-based vertical 
direction: T 


Table-based horizontal Table-based horizontal 
direction 2 (latitude direction 1 (longitude 
direction): R2 direction): R1 











- Table-based horizontal direction feed in the tilted working plane command mode 


If bit 0 (TWD) of parameter No. 12320 is set to 1, the feed direction of 
the table-based horizontal direction feed in the tilted working plane 
command mode is defined as follows: 
Table-based horizontal direction 1: X direction in the feature 
coordinate system of the tilted working plane command 
Table-based horizontal direction 2: Y direction in the feature 
coordinate system of the tilted working plane command 


- Table horizontal direction handle feed 


- Amount of movement 


- Feedrate clamp 


The table horizontal direction handle feed is enabled when the 

following four conditions are satisfied: 

<1> Handle mode is selected. 

<2> Both the tool axis right-angle direction feed mode signal 
(RGHTH) and the table base signal (TB_BASE) are set to 1. 

<3> The state of the first manual handle feed axis selection signals 
(HS1A - HSIE) to make the table horizontal direction handle 
feed mode effective is set in parameter No.12311 or No.12312. 

<4> The value of parameter No.12311 or No.12312 matches the first 
manual handle feed axis selection signals (HS1A - HS1E). 


When the manual pulse generator is rotated, the tool is moved in the 
table horizontal direction by the amount of rotation. 


The feedrate is clamped so that the speed of each moving axis dose 
not exceed the manual rapid traverse rate (parameter No.1424). 
Handle pulses generated while the clamp feedrate is exceeded are 
ignored. 
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- Table horizontal direction JOG feed/table horizontal direction incremental feed 


- Feedrate 


- Feedrate clamp 


Note 


The table horizontal direction JOG feed or table horizontal direction 
incremental feed is enabled when the following three conditions are 
satisfied: 
<1> JOG mode or incremental feed mode is selected. 
<2> Both the tool axis right-angle direction feed mode signal 
(RGHTH) and the table base signal (TB_BASE) are set to "1". 
<3> The feed axis direction selection signal (+Jn, -Jn (where n = | to 
the number of controlled axes)) is set to "I" for the axis 
corresponding to the direction that is perpendicular to the 
direction specified by parameter No.19697. 
Ex.) No.19697 = 3 (+Z-axis direction); X-, Y-, and Z-axes are 
the 1st, 2nd, and 3rd axes respectively. 








e +J1: Table horizontal direction 1 + 
e  -J1: Table horizontal direction 1 - 
e  +J2: Table horizontal direction 2 + 
e  -J2: Table horizontal direction 2 - 


The feedrate is the dry run rate (parameter No.1410). The manual 
feedrate override feature is available. 

If bit 2 (JFR) of parameter No. 12320 is set to 1, the feedrate is the jog 
feedrate (parameter No. 1423) of a driven feed axis direction selection 
signal. The manual feedrate override feature is available. 


The feedrate is clamped so that the speed of each moving axis dose 
not exceed the manual rapid traverse rate (parameter No.1424). 


1 To perform a handle feed for 5-axis machining, the manual 
handle feed option is required. To perform a handle interrupt 
for 5-axis machining, the manual handle interrupt option is 
required. 

2 When a handle interrupt for 5-axis machining is performed, 
rotation axis command execution must not be in progress in 
automatic operation. 

3 When the manual reference position return mode is selected, 
manual feed for 5-axis machining is not enabled. 

4 When the offset value specified for the tool length offset function 
is used for tool center point rotation feed (when bit 2 (LOD) of 
parameter No. 19746 is set to 1), the controlled point should 
generally be shifted. (Set bit 5 (SVC) of parameter No. 19665 
to 1.) 

In this case, specify the tool length with a radius value. 
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3.9 


Overview 


3.9.1 


Procedure 
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DISTANCE CODED LINEAR SCALE INTERFACE 


The interval of each reference marks of distance coded linear scale are 
variable. Accordingly, if the interval is determined, the absolute 
position can be determined. The CNC measures the interval of 
reference marks by axis moving of short distance and determines the 
absolute position. Consequently the reference position can be 
established without moving to reference position. 


Reference mark 1 Reference mark 2Mark 1 Mark 2 Mark 1 











20.00 20.00 








Fig.3.9(a) Example of distance coded linear scale 


This is an optional function. 


Procedure for Reference Position Establishment 


(1) 
(2) 
(3) 
(4) 
(5) 


Select the JOG mode, and set the manual reference position 
return selection signal ZRN to "1". 

Set a direction selection signal(+J1,-J1,+J2,-J2,...) for a target 
axis. 

The axis is fed at a constant low speed (reference position return 
FL feedrate specified by parameter (No.1425) setting). 

When a reference mark is detected, the axis stops, then the axis is 
fed at a constant low speed again. 

Above (4) is executed repeatedly until two, three or four 
reference marks are detected. And absolute position is 
determined and reference position establishment signal 
(ZRF1,ZRF2,ZRF3, ...) turns to "1". 

(A number of reference marks is determined by the parameter 
No.1802#2, #1. ) 


Even when the direction selection signal (+J1, -J1, +J2, -J2,...) is set to 
"0" while steps (2) to (5) are being performed, the feedrate operation 
does not stop, and the operation for establishing a reference position is 
carried out continuously. 
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The timing chart for this procedures is given below. 











ZRF1 


Feedrate 








FL rate FL rate FL rate 


Fig.3.9.1(a) Timing chart for reference position establishment 


- Procedure for establishing a reference position through automatic operation 


If an automatic reference position return (G28) is specified before a 
reference position is not established, steps (3) to (5) above are 
performed automatically. 

After the reference position is established, the automatic reference 
position return is performed. 


- Stopping the operation for establishing a reference position 


The operation for establishing a reference position is stopped if any of 
the following operations is performed in steps (3) to (5), described 
above. 
- Reset 
- Setting the feed axis direction selection signal (+J1, -J1, +J2, -J2, 
etc.) to 0 


If any of the following operations is performed during the operation of 
automatic reference position return (G28) before a reference position 
is not established, the operation for establishing a reference position 
stops: 

- Reset 

- Performing feed hold during movement from an intermediate 

position 


If the operation for establishing a reference position is stopped by an 


operation other than a reset, the operation for establishing a reference 
position must be reset and resumed. 
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3.9.2 Reference Position Return 


(1) When the reference position is not established and the axis 
moved by turning the feed axis direction _ signal 
(+J1,-J1,+J2,-J2,...) to "1" in REF mode, the reference position 
establishment procedure is executed. 

(2) When the reference position is already established and the axis is 
moved by turning the feed axis direction _ signal 
(+J1,-J1,+J2,-J2,...) to "1" in REF mode, the axis is moved to the 
reference point without executing the reference position 
establishment procedure. 

(3) When the reference position is not established and the reference 
position return command (G28) is executed, the reference 
position establishment procedure is executed. The next 
movement the axis depends on the setting of parameter RFS 
(No.1818#0). 

(4) When the reference position is already established and the 
reference position command (G28) is executed, the movement of 
the axis depends on the setting of parameter RF2 (No.1818#1). 


3.9.3 Distance Coded Rotary Encoder 


In case of setting a rotary axis, if a parameter DCRx (No. 1815#3) is 
set, the setting axis is regarded as being equiped with a distance coded 
rotary encoder. 

In case of distance coded rotary encoder, the marker interval may be 
different from parameter setting value. (a-b section of the following 
figure) When the reference point return is executed through this 
section, it is not able to establish the reference point. Therefore, in 
case of distance coded rotary encoder, if the reference point return is 
started for B point from A point of below figure, the reference point is 
not established yet at B point. The reference point return is re-started 
for C point. The reference point return procedure is finished at C 
point. 

Cc 






B 


0.02 20.02 


20.0 9.96 





A 


9.94 : 9.98 19.66 


} SO ae aay, 
Ys ; ey 





S 


20.00 a 


e When the reference point return procedure is executed, the 
coordinate value are rounded in 0 to 360 degree, even if Machine 
coordinate values are linear axis type. 
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e In case of distance coded rotary encoder, only the measurement 
by three points or four points is possible. (parameter 
1802#2(DC2) is disregarded as 0.) 


3.9.4 Axis Synchronization Control 


Requirements when this function is used with axis synchronization control 


axes 
When this function is used with axis synchronization control axes, the 
distance coded linear scale used for the master axis and that used for 
the slave axis must have reference marks placed at identical intervals. 
(Set identical values in parameter Nos. 1821 and 1882 for both the 
master and slave axes.) 
This function does not work unless the use of this function is specified 
for both the master and slave axes (bit 7 (DCL) of parameter No. 1815 
is 1). 
Also, in all parameters related to this function, except parameter No. 
1883, 1884 (distance from the scale zero point to reference position 1, 
2), set identical values for both the master and slave axes. 
If a parameter value for the master axis differs from the corresponding 
parameter value for the slave axis, alarm SV1051 is issued. 


NOTE 
When this function is used with axis 
synchronization control axes for which the 
operation mode is switched between 
synchronization operation and normal operation, 


this function is enabled only if the synchronization 
select signal (SYNC1, SYNC2, ...) is 1. (During 
establishment of a reference position, the 
synchronization select signal status must be 
maintained. 





Reference position establishment with axis synchronization control axes 

With axis synchronization control axes, a reference position is 
established as follows. When a reference mark for the master or slave 
axis is detected, a stop takes place temporarily. Then, a feed operation 
is performed again at the reference position return FL feedrate. This 
sequence is repeated until a reference mark is detected three or four 
times for both the master and slave axes. Then the absolute position is 
calculated for both the master and slave axes, and the reference 
position establish signals (ZRF1, ZRF2, ...) are set to 1. 

After the reference position has been established by the above 
operation, a synchronization error is corrected. (Checking for 
excessive synchronization error alarm 2 is made even during reference 
position establishment.) 
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(Example of 3 points measurement system) 
Scale end 


Reference mark 


Master axis 





Start point End Point 


FIYVRVVILVVVTILYVUTILVVLUVPLVVUTPTVVUTVOVVUTVOTVVTVPTVVTVTVVTVTVTUTVTUTTULUTTUT UT) 
Slave axis 


(a) (b) (c) 


In the above example, the following sequence is executed. 

a. When the reference mark (1) of the master axis is detected, both 
master axis and slave axis stop. 

b. Both the axes begin to move again at a reference position return 
FL feedrate. 

c. When the reference mark (a) of the slave axis is detected, both 
axes stop again. 

. Both the axes begin to move again at FL feedrate. 

e. Both axes repeat the operation until all point ((2) -> (b) ->(3) -> 
(c)) are detected. 

f. | When the slave axis detects the third reference mark (c), both the 
axes end the reference position establishment. 


NOTE 
In case of this function is used with axis 
synchronization control axes, if the value of 
parameter No. 1883 and 1884 for both the master 


and slave axes is 0, the reference position is not 
established. Also, the reference position establish 
signals (ZRF1, ZRF2, ...) are set to 0. 





3.9.5 Axis Control by PMC 


In PMC axis control, if the reference position return command (axis 
control command code 05H) is issued for an axis having a distance coded 
linear scale, reference position return is performed according to the 
reference position return sequence for the distance coded linear _ scale. 
Specifically, the following operations take place: 





Before reference The reference position is established by detecting 
position establishment | two, three or four reference marks. 

Movement to the reference position is not 
performed. 

After reference Positioning at the reference position is performed. 
position establishment 
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3.9.6 Angular Axis Control 


There are the following limitations when the angular axis control is 

used. 

(a) It is necessary to use the linear scale with the distance coded 
reference mark for both the perpendicular axis and the angular 
axis. 

(b) When the reference point of the perpendicular axis is established, 
it is necessary to establish the reference point of the angular axis 
previously. When the reference point of the angular axis is not 
previously established, the alarm DS0020 is generated. 

(c) During the reference point establishment operation of the angular 
axis, the command in the perpendicular axis is invalid in the 
manual reference point return. 


3.9.7 Note 


(1) In the case of the actual interval of reference marks is different 
from parameter setting value, the alarm DS1449 occurs. 


(2) This function is disabled if any of the following conditions is 
satisfied: 

- Either parameter 1821 (mark-1 interval) or parameter 1882 
(mark-2 interval) is set to 0. 

- Parameters 1821 and 1882 have identical settings. 

- The difference between the settings made for parameters 
1821 and 1882 is greater than or equal to twice either 
setting. 

- The absolute-position detection function is enabled. 


(3) A difference of parameter No.1821 and No.1882 must be more 
than 4. 
Example) 
When the scale, which is that mark] interval is 20.000mm 
and mark2 interval is 20.004mm, is used on IS-B machine : 
When the detection unit of 0.001mm is selected, parameter 
No.1821 and No.1882 must be set "20000" and "20004", 
and the difference of them is "4". 
To use such a scale, please adjust the detection unit by 
modification of parameter No.1820(CMR) and 
No.2084/2085(flexible feed gear) to make the difference of 
No.1821 and 1882 more than 4 as following examples. 
(a) Set the detection unit=0.0001mm, and __ set 
No.1821=200000, No. 1882=200040 
(b) Set the detection unit=0.0005mm, and _ set 
No.1821=40000, No.1882=40008 


- 917 - 


3.MANUAL OPERATION 


OPERATION B-63944EN/02 


NOTE 
When the detection unit is changed, parameters 


relating to the detection unit (such as the effective 
area and positional deviation limit) must also be 
changed accordingly. 





(4) In this procedure, the axis does not stop until two, three or four 
reference marks are detected. If this procedure is started at the 
position near the scale end, CNC can not detect three or four 
reference marks and the axis does not stop until over travel alarm 
occurs. Please care to start at the position that has enough 
distance from scale end. 


Scale end 
Reference marks 


| = 





Start point (Bad) Start point (Good) 


(5) When the axis used this function, the following function can not 
be used. 
- Absolute position detection (absolute pulse coder) 
-  Three-dimensional error correction 
(6) If axial movement is made in the direction opposite to that of 
reference position return, the movement is reversed to the direction 
of reference position return after three or four reference marks 
have been detected. Steps 3 to 5 of the basic procedure for 
establishing a reference position are carried out to establish the 
reference position. 
(7) Straightness compensation function 
When the reference point establishment of moving axis is 
executed after the establishment of compensation axis, the 
compensation axis is moved by straightness compensation 
amount when the reference point of moving axis is established. 
(8) The reference point establishment is not performed during 
synchronous control is activated. 
(9) The reference point establishment is not performed during 
composite control is activated. 
(10) The reference point establishment is not performed during 
superimposed control is activated. 
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3.70 LINEAR SCALE WITH DISTANCE-CODED REFERENCE 
MARKS (SERIAL) 


Overview 
By using High-resolution serial output circuit for the linear scale with 
distance-coded reference marks (serial), the CNC measures the 
interval of referenced mark by axis moving of short distance and 
determines the absolute position. 
This function enables high-speed high-precision detection by using 
High-resolution serial output circuit. 
It is available that using maximum stroke 30 meters length. 


Explanation 
The linear scale with distance-coded reference marks (serial) is 
combined the irregular reference marked linear scale with the 
High-resolution serial output circuit, it can detect the accurate 
position. 


reference mark 
signal 





The CNC measures the interval of referenced mark by axis moving of 
short distance and determines the absolute position, because of the 
interval of each reference mark is different with regular interval. 

It is not necessary that the axis is moved to the reference position for 
establishment of reference position. 


This function enables high-speed high-precision detection by using 


High-resolution serial output circuit. 
It is available that using maximum stroke 30 meters length. 
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- Connection 


OPERATION 
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It is available under linear motor system and full closed system. 





Linear motor system 


CNC 


Full Closed System 


CNC 


Separate 

Detector 

Interface 
Unit 





Pole sensor 





Linear Motor 
Position Detection 
Circuit C 


Linear motor 


\ 


Linear scale with distance-coded 
reference marks (serial ) 


Resolution 
Serial Output 
Circuit C 





















Max. 30m 


Linear scale with distance-coded 
reference marks (serial type) 
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- Procedure for reference position establishment through manual operation 

(1) Select the JOG mode, and set the manual reference position 
return selection signal ZRN to "1". 

(2) Set a direction selection signal(+J1,-J1,+J2,-J2,...) for a target 
axis. 

(3) The axis is fed at a constant low speed (reference position return 
FL feedrate specified by parameter (No.1425) setting). 

(4) When the absolute position of linear scale with distance-coded 
reference marks (serial) is detected, the axis stops. Then the 
absolute position of CNC is calculated and reference position 
establishment signal (ZRF1,ZRF2,ZRF3,...) turns to "1". 


The timing chart for this procedures is given below. 
JOG 





ZRN 





+J1 
Reference mark 








ZRF1 






Feedrate 





- Procedure for reference position establishment through automatic operation 
If an automatic reference position return (G28) is specified before a 
reference position is not established, steps (3) to (4) above are 
performed automatically. 
After the reference position is established, the automatic reference 
position return is performed by setting of parameter RFS No.1818#0. 





- Stopping the operation for establishing a reference position 

The operation for establishing a reference position is stopped if any of 

the following operations is performed in steps (3) to (4), described 

above. 

- Reset 

- Setting the feed axis direction selection signal (+J1, -J1, +J2, -J2, 
etc.) to 0 

- Setting the Servo off signals (SVF1, SVF2, etc.) to 1 

If any of the following operations is performed during the operation of 

automatic reference position return (G28) before a reference position 

is not established, the operation for establishing a reference position 

stops: 

- Reset 

- Performing feed hold during movement from an intermediate 
position 

- Setting the Servo off signals (SVF1, SVF2, etc.) to 1 

If the operation for establishing a reference position is stopped by an 

operation other than a reset, the operation for establishing a reference 

position must be reset and resumed. 
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- Establishing a reference position and moving to the reference position 
By following operation, establishing a reference position and moving 
to the reference position is performed. 





Moving through manual Moving through automatic operation by 
operation in REF mode automatic reference position return (G28) 





The reference 


Establishing the reference Firstly, moving to the intermediate position, and 

















position is not | position establishing the reference position. 

established. Secondly, whether moving to the reference 
position or not is performed by setting parameter 
RFS No.1818#0. 

The reference | Moving to the reference Whether moving to the intermediate position and 

position is position the reference position or not is performed by 

established. setting parameter RF2 No.1818#1. 





- Feed axis synchronization control 
In case of using the axis synchronization control, please confirm the 
following items. 


When this function is used with axis synchronization control 
axes, the linear scale with distance-coded reference marks (serial) 
used for the master axis and that used for the slave axis must 
have reference marks placed at identical intervals. 

The master axis scale and the slave axis scale should be installed 
in parallel direction. (The zero positions should be faced the 
same direction.) 

To the parameters, which relate to this function (except No.1883, 
No.1884), the same value must be set for the master axis and for 
the slave axis. 

The linear scale with distance-coded reference marks (serial) 
should be applied for the master axis and the slave axis. 

If either of the master axis or the slave axis is not the linear scale 
with distance-coded reference marks (serial), alarm DS0018 
occurs when reference position establishment is tried. 

During operating the establishment of reference position, the 
state of signal for selecting synchronized axis(SYNCn<Gn138> 
or SYNCJn<Gn140>) should be kept. 


Procedure for reference position establishment by axis 
synchronization control is as follows. 


Both of axes (master axis and slave axis) are fed on the reference 
position return FL feedrate until distance coded scales of both 
axes detect the absolute position. 

Then absolute position of both axes are calculated and Reference 
Position Establishment Signals (ZRF1,ZRF2,...) turn to "1". 
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- Angular axis control 
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In case of using the angular axis control, please confirm the 
following items. 


It is necessary to use the linear scale with distance-coded 
reference marks (serial) for both the perpendicular axis and the 
angular axis. 

If not, the alarm DS0019 occurs when reference position 
establishment is commanded. 

When the reference point establishment of angular and 
perpendicular axes are tried, please set parameter 8200#2(AZR) 
to '0' and input signal G063#5(NOZAGC) to '0". 

If not, the alarm DS0019 occurs when reference position 
establishment is commanded. 

When the reference point of the perpendicular axis is established, 
it is necessary to establish the reference point of the angular axis 
previously. When the reference point of the angular axis is not 
previously established, the alarm DS0020 occurs. 

On angular axis control, if you use automatic setting of 
parameter No.1883,1884 on reference point establishment 
(parameter DATx No.1819#2=1), please establish reference point 
of perpendicular axis after reference point establishment and 
return of angular axis. 


In manual reference position return, the perpendicular axis cannot be 
specified while the angular axis reference point is being established. 
The perpendicular axis, if specified, is ignored. 
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Z\ CAUTION 
When the Linear scale with distance-coded 
reference marks (serial) is used, please set 
parameter SDCx No.1818#8 to 1. 
And distance coded rotary encoder (serial type) is 
not available. 
On the Linear scale with distance-coded reference 
marks (serial), the axis does not stop until three 
reference marks are detected. If this procedure is 
started at the position near the scale end, CNC can 
not detect three reference marks and the axis does 
not stop until over travel alarm occurs. Please care 
to start at the position that has enough distance 
from scale end. 
And if establishment of reference position is failed, 
the establishment is retried. Then axis does not 
stop until still more three reference marks are 
detected. So please set the maximum move 
amount (detection unit : parameter No.14010) not 
to reach the scale end. 


Scale end 
Reference marks 


Start point (Bad) Start point (Good) 


On flexible synchronization control mode, 
reference position can't be established. 
Straightness compensation function 

When the reference point establishment of moving 
axis is executed after the establishment of 
compensation axis, the compensation axis is 
moved by straightness compensation amount 
when the reference point of moving axis is 
established. 

It is not available to use this function and the 
temporary absolute coordinate setting together. 





ODA. 
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AUTOMATIC OPERATION 





Programmed operation of a CNC machine tool is referred to as 
automatic operation. 
This chapter explains the following types of automatic operation: 


MEMORY OPERATION 

Operation by executing a program registered in CNC memory 
MDI OPERATION 

Operation by executing a program entered from the MDI panel 
SUBPROGRAM CALL (M198) 

Function for calling and executing subprograms (files) registered 
in an external input/output device during memory operation 
MANUAL HANDLE INTERRUPTION 

Function for performing manual feed during movement executed 
by automatic operation 

MIRROR IMAGE 

Function for enabling mirror-image movement along an axis 
during automatic operation 

PROGRAM RESTART 

Restarting a program for automatic operation from an 
intermediate point 

TOOL RETRACT AND RECOVER 

Function for retracting the tool to a desired position 
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4.1 MEMORY OPERATION 


Programs are registered in memory in advance. When one of these 
programs is selected and the cycle start switch on the machine 
operator's panel is pressed, automatic operation starts, and the cycle 
start LED goes on. 

When the feed hold switch on the machine operator's panel is pressed 
during automatic operation, automatic operation is stopped 
temporarily. When the cycle start switch is pressed again, automatic 
operation is restarted. 


When _ the key on the MDI panel is pressed, automatic 


operation terminates and the reset state is entered. 

For the multi-path control, the programs for the multiple paths can be 
executed simultaneously so the multiple paths can _ operate 
independently at the same time. 

The following procedure is given as an example. For actual operation, 
refer to the manual supplied by the machine tool builder. 


Memory operation 


Procedure 

Press the MEMORY mode selection switch. 

Select a program from the registered programs. To do this, 
follow the steps below. 


NR 


2-1 Press to display the program screen. 


2-2 Press address 


2-3 Enter a program number using the numeric keys. 
2-4 Press the [O SRH] soft key. 

3. For the multi-path control, select the path to be operated with the 
path selection switch on the machine operator's panel. 

4 Press the cycle start switch on the machine operator's panel. 
Automatic operation starts, and the cycle start LED goes on. 
When automatic operation terminates, the cycle start LED goes 
off. 

5 To stop or cancel memory operation midway through, follow the 
steps below. 

a. Stopping memory operation 

Press the feed hold switch on the machine operator's panel. 

The feed hold LED goes on and the cycle start LED goes 

off. The machine responds as follows: 

(i) When the machine was moving, feed operation 
decelerates and stops. 

(ii) When dwell was being performed, dwell is stopped. 

(iii) When M, S, or T was being executed, the operation is 
stopped after M, S, or T is finished. 

When the cycle start switch on the machine operator's panel 

is pressed while the feed hold LED is on, machine operation 

restarts. 
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Explanation 
- Memory operation 
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b. Terminating memory operation 
Press the key on the MDI panel. 


Automatic operation is terminated and the reset state is 
entered. 

When a reset is applied during movement, movement 
decelerates then stops. 


After memory operation is started, the following are executed: 

(1) A one-block command is read from the specified program. 

(2) The block command is decoded. 

(3) The command execution is started. 

(4) The command in the next block is read. 

(5) Buffering is executed. That is, the command is decoded to allow 
immediate execution. 

(6) Immediately after the preceding block is executed, execution of 
the next block can be started. This is because buffering has been 
executed. 

(7) Hereafter, memory operation can be executed by repeating the 
steps (4) to.(6) 


- Stopping and terminating memory operation 


- Program stop (M00) 


- Optional stop (M01) 


- Program end (M02, M30) 


Memory operation can be stopped using one of two methods: Specify 

a stop command, or press a key on the machine operator's panel. 

e The stop commands include M00 (program stop), M01 (optional 
stop), and M02 and M30 (program end). 

e There are two keys to stop memory operation: The feed hold key 
and reset key. 


Memory operation is stopped after a block containing M00 is executed. 
When the program is stopped, all existing modal information remains 
unchanged as in single block operation. The memory operation can be 
restarted by pressing the cycle start button. Operation may vary 
depending on the machine tool builder. Refer to the manual supplied 
by the machine tool builder. 


Similarly to M00, memory operation is stopped after a block 
containing MO1 is executed. This code is only effective when the 
Optional Stop switch on the machine operator's panel is set to ON. 
Operation may vary depending on the machine tool builder. Refer to 
the manual supplied by the machine tool builder. 


When M02 or M30 (specified at the end of the main program) is read, 
memory operation is terminated and the reset state is entered. 

In some machines, M30 returns control to the top of the program. For 
details, refer to the manual supplied by the machine tool builder. 
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- Feed hold 


- Reset 


- Optional block skip 
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When Feed Hold button on the operator's panel is pressed during 
memory operation, the tool decelerates to a stop at a time. 


Automatic operation can be stopped and the system can be made to 
the reset state by using fs] key on the MDI panel or external reset 


signal. When reset operation is applied to the system during a tool 
moving status, the motion is slowed down then stops. 


When the optional block skip switch on the machine operator's panel 
is turned on, blocks containing a slash (/) are ignored. 


- Cycle start for the multi-path control 


For the multi-path control, a cycle start switch is provided for each 
path. This allows the operator to activate a single paths to operate 
them at the same time in memory operation or MDI operation. In 
general, select the path to be operated with the path selection switch 
on the machine operator's panel and then press the cycle start button to 
activate the selected path. (The procedure may vary with the machine 
tool builder. Refer to the appropriate manual issued by the machine 
tool builder.) 
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4.2 


Procedure 


MDI OPERATION 


MDI Operation 


OPERATION 4. AUTOMATIC OPERATION 


In the MDI mode, a program consisting of up to 255 characters can be 
created in the same format as normal programs and executed from the 
MDI panel. 

MDI operation is used for simple test operations. 

The following procedure is given as an example. For actual operation, 
refer to the manual supplied by the machine tool builder. 


Select the MDI mode. 
For the multi-path control, select the path for which a program is 
to be created with the path selection switch. Create a separate 
program for each path. 


Press the |proc| key to select the program screen. The following 


screen appears: 


PROGRAM 00123 NOOOoOd 


% en | 1 





a) 


A> 


MDI STOP *** *** 12:66:00] PATH1 





Tt} t_t tt ea ee fake ee a il 


MDI program screen 
At this time, program number “O0000” is inserted automatically. 


Prepare a program to be executed by an operation similar to 
normal program editing. M99 specified in the last block can 
return control to the beginning of the program after operation 
ends. Word insertion, modification, deletion, word search, 
address search, and program search are available for programs 
created in the MDI mode. 
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To entirely erase a program created in MDI mode, use one of the 
following methods: 


a. Enter address [o| , then press the key. 


b. Alternatively, press the es] key. In this case, set 


parameter MCL (No. 3203#7) to 1 in advance. 
To execute a program, set the cursor on the head of the program. 
Push Cycle Start button on the operator's panel. By this action, 
the prepared program will start. 
(For the multi-path control, select the path to be operated with 
the path selection switch on the machine operator's panel 
beforehand.) When the program end (M02, M30) or ER(%) is 
executed, the prepared program will be automatically erased and 
the operation will end. 
By command of M99, control returns to the head of the prepared 
program. 
To stop or terminate MDI operation in midway through, follow 
the steps below. 
a. Stopping MDI operation 
Press the feed hold switch on the machine operator's panel. 
The feed hold LED goes on and the cycle start LED goes 
off. The machine responds as follows: 
(i) When the machine was moving, feed operation 
decelerates and stops. 
(ii) When dwell was being performed, dwell is stopped. 
(iii) When M, S, or T was being executed, the operation is 
stopped after M, S, or T is finished. 
When the cycle start switch on the machine operator's panel 
is pressed, machine operation restarts. 
b. Terminating MDI operation 


Press the key. 


Automatic operation is terminated and the reset state is 
entered. 

When a reset is applied during movement, movement 
decelerates then stops. 
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Explanation 


- Erasing the program 


- Restart 


The previous explanation of how to execute and stop memory 
operation also applies to MDI operation, except that in MDI operation, 
M30 does not return control to the beginning of the program (M99 
performs this function). 


Programs prepared in the MDI mode will be erased in the following 
cases: 
e In MDI operation, if M02, M30 or ER(%) is executed. 
e When bit 6 (MER) of parameter No. 3203 is set to 1, and the last 
block of the program is executed in single block operation 
NOTE 
In the two cases above, program erasure can be 


prevented by setting bit 6 (MKP) of parameter No. 
3204 to 1. 
e In MEM mode, if memory operation is performed. 
In EDIT mode, if any editing is performed. 
e When the [o} and keys are pressed. 


e Upon reset when parameter MCL (No. 3203#7) is set to 1 
NOTE 
Upon reset when the parameter MCL = 0, the cursor 
moves to the end of the program. 








If a program is not executed even once after the program is input, the 
program is executed from the beginning, regardless of where the 
cursor is placed. However, a program is executed starting at the 
beginning of the block where the cursor is place, if the program is 
stopped for a reason such as single block operation after restart of an 
MDI operation then is restarted after an editing operation. 
/A\ CAUTION 

When an MDI program is restarted, the program is 

executed starting at the beginning of the block 

where the cursor is placed, regardless of the cursor 

position in the block. 

(Example) 

When the cursor is placed on G90 


G91 X1 00.0 G90Y200.0 2300.0 ; 


The program is executed starting at the 
beginning (namely, G91) of this block. So, the 
tool moves by 100.0 along the X-axis in the 
incremental programming, and moves to 200.0 
and 300.0 along the Y-axis and Z-axis, 
respectively, in the absolute programming. 
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- Editing a program during MDI operation 
A program can be edited during MDI operation. By setting bit 5 
(MIE) of parameter No. 3203 to 1, editing can be disabled. However, 
even when bit 5 (MIE) of parameter No. 3203 is set to 1, editing can 
be enabled by resetting the operation. 


- Absolute/incremental command 
When bit 4 (MAB) of parameter No. 3401 is set to 1, the 
absolute/incremental programming of MDI operation does not depend 
on G90/G91. In this case, the incremental programming is set when 
bit 5 (ABS) of parameter No. 3401 is set to 0, and the absolute 
programming is set when bit 5 (ABS) of parameter No. 3401 is set to 
1. 


(No.3401#4)=0 
Absolute mode operation (No.3401#5)=0 (No.3401#5)=1 


with G90 command, and Incremental mode Absolute mode 


incremental programming operation at all operation at all 
operation with G91 times, independent | times, independent 


command of G90/G91 of G90/G91 
command command 


NOTE 
When G code system A is used on a lathe system, 
the parameters MAB and ABS are invalid. 
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Limitation 
- Program registration 
Programs created in MDI mode cannot be registered. 


- Number of characters in a program 


A created program can consist of up to 255 characters including 
"00000" automatically inserted. 


- Subprogram nesting 
The subprogram call command (M98) can be described in a program 
created in MDI mode. That is, programs that are registered in 
memory through MDI operation can be called and executed. The 
level of subprogram call nesting is the same as in MEM operation. 


- Macro call 
When the custom macro function is enabled, a macro program can be 
created and executed even in the MDI mode. Moreover, a macro 
program can be called for execution. 


NOTE 
The GOTO statement, WHILE statement, and DO 
statement cannot be executed in a program 
created in the MDI mode. An alarm PS0377 is 


issued. 

When a program including those statements is to 
be executed, register the program in the program 
memory then call the program for execution. 
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4.3 DNC OPERATION 





By activating automatic operation during the DNC operation mode 
(RMT), it is possible to perform machining (DNC operation) while a 
program is being read in via reader/puncher interface, or remote 
buffer. 

To use the DNC operation function, it is necessary to set the 
parameters related to the reader/punch interface, and remote buffer in 
advance. 

The procedure described below is just an example. For actual 
operation, refer to the relevant manual of the machine tool builder. 


DNC operation 


Procedure 


— 


Select a program to be executed. 


2 Press the REMOTE switch on the machine operator's panel to set 
RMT mode, then press the cycle start switch. The selected file 
is executed. For details of the use of the REMOTE switch, refer 
to the relevant manual supplied by the machine tool builder. 


PROGRAM 


Y-118156 29863 ; 
Y-188741216147; 
¥-107327216315; 
Y-97899210924 ; 
Y¥-9'7428211464 ; 
¥-91864227183; 
¥-98357228782 ; 
Y-89649230075 ; 
Y-88942231318; 
Y-87528233466 ; 
Y¥-87528233466 ; 
¥-86114235384 ; 
Y-84'786236876 ; 
Y¥-83285238222 ; 
Y¥-81871239383; 
Y¥-88457240389 ; 
Y-79843241248 ; 
Y-27629241985 ; 


00123 NOOUB2 


Y¥-76214242664 ; 
Y¥—'74886243114; 
Y¥-73386243526 ; 
Y¥-71972243843; 
Y¥-70558244671; 
Y¥-69143244269; 
Y-67729244262 ; 
¥-66315244246; 
Y¥-47930242784 ; 
Y-8332239336 ; 
Y-6918239133; 
Y¥-5504238841 ; 
Y-4089238458 ; 
Y-2675237972 ; 
¥-1261237383; 
¥153236675 ; 

¥1567235837 ; 

¥2982234848 ; 

¥4396233673; 





A> 





RMT STRT MTN *** 12:66:66} PATH1 


PROGRM|SEQ NO 
SEARCH | SEARCH 


Fig. 4.3 (a) Program check screen 
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PROGRAM{ CHECK > OO123 NQGOOOG 












RELATIVE ABSOLUTE | 

X1 -553. 484 x1 —553. 484 ia 3 it 3 Senin 
¥¥1 21. 858 a1 23.655 PARTS COUNT 8121 
*21 31. 337 *21 32. 468 RUN TIME 19H24N20S 
AL 8. a8 CYCLE TIME @H 9125 






PROGRAM 





MACHINE DISTANCE TO GO 
























Xi 553, aga x4 a6 EEE 

“4 23.655 |i 9.540 : 

*21 32.468 9 [24 a al eseedicryp res) 
At 8. 888 : 


¥28437234246 ; 
¥29852234483 ; 
MODAL ¥31266234681 ; 


GiiMiesao Gis oF aga M (7) poe een eg 

¥59550232516; 

Gi? G98 Gde.1 () ‘ 

H a ¥68964232291; 

G98 G58 G25 () A 

¥62379231943 ; 

G22 G67 G1i60 p 8 (:) : 

¥63793231465: 

G94 G9? G13.1 () a 

¥65207230846 : 

G21 G54 650.1 7 U ¥66621230066; 

G40 G6d G54.2 F z 
G49.1G69 G8@.5 A> 


RMT STRT MTN *** 12:66:66) PATH1 


Fig. 4.3 (b) Program screen 





During DNC operation, the program currently being executed is 
displayed on the program check screen and program screen. 


During DNC operation, subprograms and macro programs stored in 
memory can be called. 


- M198 (command for calling a program from within an external input/output unit) 


- Custom macro 


- M99 


In DNC operation, M198 cannot be executed. If M198 is executed, 
alarm PS0210 is issued. 


In DNC operation, custom macros can be specified, but no repeat 
instruction and branch instruction can be programmed. If a repeat 
instruction or branch instruction is executed, alarm PS0123 is issued. 


For returning from a subprogram or macro program to the calling 
program during DNC operation, the specification of a return command 
(M99P::::) with a sequence number specified is not allowed. 
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4.4 EXTERNAL SUBPROGRAM CALL (M198) 


During memory operation, you can call and execute a subprogram 
registered in an external device (such as a Memory Card, Handy File, 
or Data Server) connected to the CNC. 


Format 
M198 Pxxxxxxxx Lyyyyyyyy ; 
t t 


PXxXXXXxXX : Program number (or file number) 
Lyyyyyyyy : Number of repetitive calls 
When address L is omitted, the number of repetitive calls is 
assumed to be 1. 
FS16 compatible command format 
(The following command format is valid only when a 4-digit 
program number is used.) 
M198 Pxxxx yyyy ; 
i 





xxxx : Number of repetitive calls 

yyyy : Program number (or file number) 

When the number of repetitive calls is omitted, it is assumed 
to be 1. 





Explanation 
M code M198 specifies an external subprogram call. You can also 
call an external subprogram using an M code set in parameter No. 
6030. (When an M code other than M198 is set as an M code for 
calling an external subprogram, M198 is executed as a normal M 
code.) 


Specify a program number (file number) registered in an external 
device at address P._ If the specified program number (file number) is 
not registered in the connected external device, an alarm (PS1079) is 
issued. 
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Example) 
M198 P0123 L3; 
This command specifies that the subprogram having 
external subprogram number 00123 is to be called three 
times repeatedly. 
The subprogram is called from the main program and 
executed as follows: 











Main program Sub program 
1 <2:.23 

NOO10 ... ; 0123 ... ; 
NO020 ... ; v4 N1020 ... ; 
NO030 M198 P0123 L3 ; N1030 ... ; 
NO040 ... ; N1040 ... ; 
NOO50_; NO050 ... ; 
NOO60 ... ; N1060 ... M99 ; 





- Program number call 
You can also specify a subprogram call with its program number 
instead of the file number by the setting of bit 2 (SBP) of parameter 
No. 3404. 


NOTE 

1 An external subprogram call can be specified only 
during program operation in the MEM mode and 
cannot be specified in the MDI mode. 

2 An external subprogram call is available for the 
following external devices: 


number call call 
[HandyFile =| COT CO 
ae on cee 


Memory Card 
Data Server 
(O: Available x: Unavailable) 

3 To perform a subprogram call using a Memory Card 
as the external device, set bit 7 (MNC) of 
parameter No. 138 to 1 and I/O channel (parameter 
No. 0020) to 4. 

A program number call is always enabled regardless 
of the setting of bit 2 (SBP) of parameter No. 3404. 
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NOTE 

4 An external device subprogram call cannot be 
performed from a subprogram called using another 
external device subprogram call. (An alarm 
(PS1080) is issued.) 











Main program Sub program a Sub program 
(internal memory) (External device) ia (External device) 


4 
Can be cal led. wee Cannot be cal led. 


M198.” (Alarm) 





























5 A subprogram registered in internal memory can be 
called from a subprogram called using an external 


device subprogram call. From the called 
subprogram in internal memory, another external 
device subprogram call cannot be performed. (An 
alarm (PS1080) is issued.) 





Main program Sub program Sub program A Sub program 
(internal memory) (External (internal a (External 
4 
device) memory) 5? device) 
¢ “ 
M198 i 


Can be cal led. MS MBB ot be called. 


Can be cal led. (Alarm) 





























A call using the external device subprogram call 
function is counted as one level of subprogram 
nesting. 

In a multipath system, a subprogram call cannot be 
performed simultaneously from multiple paths. 
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4.5 MANUAL HANDLE INTERRUPTION 


By rotating the manual pulse generator in the automatic operation 
mode (manual data input, DNC operation, or memory operation) or in 
the memory editing mode, handle feed can be superimposed on 
movement by automatic operation. A handle interruption axis is 
selected using the manual handle interruption axis selection signal. 
The minimum unit of travel distance per scale division is the least 
input increment. One of four types of magnifiers selected with MP1 
and MP2 <G019#4 and #5> can be applied. With bit 3 (HIT) of 
parameter No. 7103, the minimum unit of travel distance can be 
further 10 times greater. A handle feed magnifier is selected using 
the manual handle feed amount selection signal. (See "MANUAL 
HANDLE FEED") 


Tool position 


Tool position after during automatic 
handle interruption OPeration 


by handle : Z 


_ 


Fig. 4.5(a) Manual handle interruption 


Programmed Xx 


depth of cut 


er 











/A\ WARNING 
The travel distance per scale division by manual 
handle interruption is the least input increment as 
with manual handle feed. With a machine of metric 


input and inch output, for example, the travel 
distance per 254 scale divisions is 0.01 inch. Witha 
machine of inch input and metric output, the travel 
distance per 100 scale divisions is 0.254 mm. 
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Explanation 
- Interruption operation 
1 When the handle interruption axis selection signal for a handle 
interruption axis is set to | in the automatic operation mode 
(manual data input, DNC operation, or memory operation) or in the 
memory editing mode, manual handle interruption can be 
performed by rotating the handle of the manual pulse generator. 


NOTE 


Even when the feedrate override signal sets 0%, 
manual handle interruption can be accepted. 





2 For the method of selecting a manual handle interruption axis, refer 
to the relevant manual of the machine tool builder. 

3 The feedrate during manual handle interruption is the sum of 
feedrate used for automatic operation and the feedrate used for 
movement by manual handle interruption. However, the feedrate 
during manual handle interruption is controlled so that it does not 
exceed the maximum allowable cutting feedrate for the axis. 


Example 
Suppose that the maximum allowable cutting 
feedrate for an axis is 5 m/min, and that a 
movement is made in the + direction at 2 m/min 
along the axis. In this case, manual handle 
interruption can be accepted even when the manual 
pulse generator is rotated up to a speed equivalent 
to 3 m/min. Manual handle interruption by rotation 
in one direction can be accepted even when the 
manual pulse generator is rotated to a speed 
equivalent to 7 m/min. 
If the manual pulse generator is rotated to a speed 
beyond the upper limits, those pulses from the 
manual pulse generator that correspond to the 
excess are lost, resulting in a mismatch between the 
scale mark of the manual pulse generator and the 
actually interrupted travel distance. 





4 For a magnifier for manual handle interruption, refer to the 
relevant manual of the machine tool builder. 

5 If the travel direction is reversed as a result of manual handle 
interruption, backlash compensation is performed. Pitch error 
compensation is performed for the position after interruption. 

6 In manual handle interruption, only acceleration/deceleration for 
cutting feed is enabled. By setting bit 0 (MNJ) of parameter No. 
1606 to 1, acceleration/deceleration for both of cutting feed and 
jog feed can be applied to manual handle interruption. 
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- Manual handle interruption and coordinate system 


1 


The amount of manual handle interruption shifts the workpiece 
coordinate systems and the local coordinate system. So, the 
machine moves, but the coordinates in the workpiece coordinate 
systems and the local coordinate system remain unchanged. 
Regardless of which coordinate system is selected, all workpiece 
coordinate systems and the local coordinate system shift by the 
same amount. 


e Absolute coordinates 

— Remain unchanged by handle interruption. 
e —_ Relative coordinates 

— Change by the amount of handle interruption. 
e Machine coordinates 

— Change by the amount of handle interruption. 


Path after t Programmed path 
interruption aN 


SN 







Shift by manual handle 
interruption 


A 


(Workpiece coordinate system before 


interruption) 





(Workpiece coordinate system after 


interruption) 





(Machine coordinate system) 


Even when manual handle interruption is performed, the machine 
coordinate system remains unchanged. The absolute command 
(G53) in the machine coordinate system is not affected by 
manual handle interruption. 
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(G90G54****) 


<\ 


a 












*s . Programmed path 


Shift by manual handle 
interruption 


ae (Workpiece ‘conrdinaie evetent before 
interruption) 
(Workpiece coordinate system after 
G90G53****) interruption) 





(Machine coordinate system) 


3. In automatic reference position return (G28), the end point 
(reference position) is not affected by manual handle interruption. 
However, the midpoint is in the workpiece coordinate system, so 
that the position shifted by the amount of interruption becomes 
the midpoint. 


- Cancellation of the amount of interruption 

Operation by which the workpiece coordinate system shifted by 
manual handle interruption from the machine coordinate system is 
returned to the original workpiece coordinate system is referred to 
cancellation of the amount of interruption. 

When the amount of interruption is canceled, the workpiece 
coordinate system is shifted by the amount of manual handle 
interruption, and the amount of interruption is reflected in the absolute 
coordinates. 


Interruption shifts the workpiece coordinate system from the machine 
coordinate system. 


A Position before interruption 


Workpiece coordinate 


P me system before interruption 


Interruption O Position after interruption 





Workpiece origin 
offset 


Workpiece 





coordinate system 
after interruption 
(Machine zero point) 


By cancellation, the workpiece coordinate system returns to the state 
present before handle interruption. 
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Workpiece coordinate system 






after cancellation 
2s Interruption amount 


Workpiece origin cancellation 


offset O Position after cancellation 


- 
! 
Workpiece 
~ © Pr Syed ets yw ne a ae system 
before cancellation 
(Machine zero point) 
In the following cases, the amount of interruption is canceled: 
e When a reset is made (when bit 1 (RTH) of parameter No. 7103 
is set to 1) 
e When emergency stop state is canceled (when bit 1 (RTH) of 
parameter No. 7103 is set to 1) 
e When a manual reference position return operation is performed 
(when G28 is specified before a reference position is established) 
e When a reference position is set without dogs 
e When the workpiece coordinate system is preset 


NOTE 
When the amount of interruption is cleared using 


soft keys, only the indication of the amount of 
interruption becomes 0, and the workpiece 
coordinate system remains unchanged. 





- Relation with other functions 
The following table indicates the relation between other functions and 
the movement by handle interruption. 


Table 4.5(a) Relation between other functions and the movement by 
handle interruption 


| Signals | Relation 


: Machine lock is effective. When machine lock is on, no 
Machine lock : : : 
movement is made due to handle interruption. 


Interlock is effective. When interlock is on, no movement is 
Interlock : ; 
made due to handle interruption. 


Mirror image is not effective. Interrupt functions on the plus 
Mirror image direction by plus direction command, even if this signal 
turns on. 
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- Position display 


- Travel distance display 
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The following table shows the relation between various position 
display data and the movement by handle interruption. 


Table4.5(b) relation between various position display data and the 
movement by handle interruption 


| Signals | Relation 


Absolute coordinate Handle interruption does not change absolute 
value coordinates. 


; : Relative coordinates are changed by the travel 
Relative coordinate value|_. : P . 
distance specified by handle interruption. 
Machine coordinate Machine coordinates are changed by the travel 
value distance specified by handle interruption. 


Press the function key , then press the chapter selection soft key 


[HNDL]. 
The move amount by the handle interruption is displayed. The 
following 4 kinds of data are displayed concurrently. 


HANDLE INTERRUPTION 0g 1 23 NQOOOQ 





INPUT UNIT OUTPUT UNIT RELATIVE DISTANCE TO GO 
X1 4. 668 X1 6. 6608 x 6. 668 x 6. 668 
¥1 8. 688 ¥1 8. 688 us 8. 688 Y 8. 688 
ZL 8. 688 21 @. 688 2 8. 688 Fa @. 688 
AL 6. 888 AL 8. 688 B 8. 888 B @. 688 
B1 6. 888 B1 6. 888 Cc 6. 888 c 6. 888 





MODAL S 1 Brin 








Goo Gee Gis F M a 
Gi? G98 Gde.1 F Qrevntn 
G98 G58 G25 8 DRY RUN F 1000 MM/MIN 
G22 G6? Gi6a » a PARTS COUNT 953 
G94 G97 G13.1 RUN TIME 12H15M33S 
G21 G5d G50.1 | 8 CYCLE TIME @H 8M aS 
Ga8 G6d GS4.2 . a 
G49.1669 GE8e.5 A> 
MEM STOP Hx Hx 12:00:80 | PATH1 
Fig. 4.5 (b) 


(a) INPUT UNIT: 
Handle interruption move amount in input unit system 
Indicates the travel distance specified by handle interruption 
according to the least input increment. 

(b) OUTPUT UNIT : 
Handle interruption move amount in output unit system 
Indicates the travel distance specified by handle interruption 
according to the least command increment. 

(c) RELATIVE: 
Position in relative coordinate system 
These values have no effect on the travel distance specified by 
handle interruption. 
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(d) DISTANCE TO GO: 
The remaining travel distance in the current block has no effect 
on the travel distance specified by handle interruption. 
The handle interruption move amount is cleared when the manual 
reference position return ends every axis. 


- Display for five-axis systems or better 


Systems having five or more axes provide the same display as the 
overall position display. See H]-12.1.3. 
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4.6 MIRROR IMAGE 





Procedure for mirror image 


Procedure 


During automatic operation, the mirror image function can be used for 
movement along an axis. To use this function, set the mirror image 
switch to ON on the machine operator's panel, or set the mirror image 
setting to ON from the MDI panel. 


Y Y-axis mirror image goes on. 


Programmed tool 


pee 


. 


oe ROO path after the 
O mirror image 


function is used 





Fig. 4.6 (a) Mirror image 


The following procedure is given as an example. For actual operation, 
refer to the manual supplied by the machine tool builder. 
1 Press the single block switch to stop automatic operation. 
When the mirror image function is used from the beginning of 
operation, this step is omitted. 
2 Press the mirror image switch for the target axis on the machine 
operator's panel. 
Alternatively, turn on the mirror image setting by following the 
steps below: 
2-1 Set the MDI mode. 


2-2 Press the function key. 
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2-3 Press the [SETING] soft key for chapter selection to display 
the setting screen. 


ACTUAL POSITION 00123 NOOOOYG 


ABSOLUTE E Q Rape! 


0.080 







PARTS COUNT a 
RUN TIME @H OM OS 
Q e 080 CYCLE TIME @H OM OS 






SETTING <MIRROR IMAGE> 








0.000 
Q@.000 








MIRROR IMAGE €6: OFF 1:0N> 








OWN<xX 





x =p 
Y=) 
Z =p 
Bo =p 
c =) 

Gea G22 65a F 8M 8 

697 GeO G50.2 

698 G98 Gi3.1 " 8 

G69 G6? G50.1 » a 

G95 G54 

G21 Ged T 8 

Gao Gis 

G25 G69.1 = J A> 


MEM STOP *** *#** 12: 66: 68 | PATH1 


Pee wa [ es a falas [] 


Fig. 4.6 (b) Setting screen 





2-4 Move the cursor to the mirror image setting position, then 
set the target axis to 1. 
3 Enter an automatic operation mode (memory mode or MDI 
mode), then press the cycle start button to start automatic 
operation. 


e The mirror image function can also be tumed on and off by 
setting parameter MIRx (No. 0012 #0 ) to 1 or 0. 

e For the mirror image switches, refer to the manual supplied by 
the machine tool builder. 


The direction of movement during manual operation, the direction of 
movement from an intermediate point to the reference position during 
automatic reference position return (G28), the direction of approach 
during single direction positioning (G60), and the shift direction in a 
boring cycle (G76, G87) cannot be reserved. 
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4.7 PROGRAM RESTART 





This function specifies Sequence No. of a block to be restarted when a 
tool is broken down or when it is desired to restart machining 
operation after a day off, and restarts the machining operation from 
that block. It can also be used as a high-speed program check 
function. 

There are two restart methods: the P-type method and Q-type 
method. 


Operation can be restarted anywhere. This restart method 
is used when operation is stopped because of a broken tool. 


Program start point (machining start point) 


7 
7 
7 


~< 
V4 Return operation 


Before operation can be restarted, the machine must be 
moved to the programmed start point (machining start point) 


Return operation 


Program start point 
(machining start point) 


Restart position 
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Procedure for program restart by specifying a sequence number 


Procedure 1 


[P TYPE] 
1 
[Q TYPE] 
1 
2 
3 


Procedure 2 
[COMMON TO P TYPE / Q TYPE] 
1 


Retract the tool and replace it with a new one. When necessary, 
change the offset. (Go to step 2.) 


When power is turned ON or emergency stop is released, 
perform all necessary operations at that time, including the 
reference position return. 

Move the machine manually to the program starting point 
(machining start point), and keep the modal data and coordinate 
system in the same conditions as at the machining start. 

If necessary, modify the offset amount. (Go to step 2.) 


Turn the program restart switch on the machine operator's panel 
ON. 


Press key to display the desired program. 
Find the program head. Press key. 


Enter the sequence number of the block to be restarted, then 
press the [P TYPE] or [Q TYPE] soft key. 


[Q TYPE] 
[Nn } 22000 or 


[P TYPE] 


Sequence 
number 





—_ 


If the same sequence number appears more than once, the 
location of the target block must be specified. Specify a 
frequency and a sequence number. 


The sequence number is searched for, and the program restart 
screen appears on the LCD display. 


[Q TYPE] 
XXXYVYYY or 


[P TYPE] 


Sequence number (F547) 
Frequency 
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PROGRAM RESTART O Q 7 2 3 N Q Q Q Q Q 


a 





DESTINATION RESTART INFORMATION 


60. 0O0 BC: 999000019 
M 6 18 
0.000 i id 
Sb 411%) oo oe ott te ak ke ae 
oe oe oe oe oe ode oe oe ok oe oie oe oe oi of oe oo oie oe oe oe oe oe 
Q 000 oi eo oie ie oi oe oe oo oe oo oe oo oo oe oe 
° ck ka aR iio ka oi ie io oe 
co i kkk ka ak kek oe oe a oi oe oe oe oe 


599 . 992 Je III IOI es ate 
Q0.000|: ™ 


A> 


MEM cetckx tek oaoe 12:08:00|RSTR 





ttt tf tf | | | _ | Pel 


Fig. 4.7 (a) Program restart screen 


DESTINATION shows the position at which machining is to 

restart. 

DISTANCE TO GO shows the distance from the current tool 

position to the position where machining is to restart. A 

number to the left of each axis name indicates the order of axes 

(determined by parameter setting) along which the tool moves to 

the restart position. 

The coordinates and amount of travel for restarting the program 

can be displayed for up to five axes. If your system supports six 

or more axes, pressing the [RSTR] soft key again displays the 
data for the sixth and subsequent axes. 

M: Up to 35 most recently specified M codes. The maximum 
number of displayed M codes differs depending on the size 
of the display. 

With 15” LCD/MDI panel or 10.4” LCD/MDI panel : 
Up to 35 M codes 
With 9.5” LCD/MDI panel : Up to 14 M codes 

T : Two most recently specified T codes 

S_: Most recently specified S code 

B : Most recently specified B code 

Codes are displayed in the order in which they are specified. 

All codes are cleared by a program restart command or cycle 

start in the reset state. 

Turn the program re-start switch OFF. At this time, the figure 

at the left side of axis name DISTANCE TO GO blinks. 

Check the screen for the M, S, T, and B codes to be executed. 

If they are found, enter the MDI mode, then execute the M, S, T, 

and B functions. After execution, restore the previous mode. 

These codes are not displayed on the program restart screen. 

Check that the distance indicated under DISTANCE TO GO is 

correct. Also check whether there is the possibility that the tool 

might hit a workpiece or other objects when it moves to the 
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machining restart position. Ifsuch a possibility exists, move the 
tool manually to a position from which the tool can move to the 
machining restart position without encountering any obstacles. 
Press the cycle start button. The tool moves to the machining 
restart position at the dry run feedrate sequentially along axes in 
the order specified by parameter settings (No. 7310). 
Machining is then restarted. 


Procedure for program restart by specifying a block Number 


Procedure 1 


[P TYPE] 
1 
[Q TYPE] 
1 
2 
3 


Procedure 2 
[COMMON TO P TYPE / Q TYPE] 
1 


Retract the tool and replace it with a new one. When necessary, 
change the offset. (Go to step 2.) 


When power is turned ON or emergency stop is released, 
perform all necessary operations at that time, including the 
reference position return. 

Move the machine manually to the program starting point 
(machining start point), and keep the modal data and coordinate 
system in the same conditions as at the machining start. 

If necessary, modify the offset amount. (Go to step 2.) 


Turn the program restart switch on the machine operator's panel 
ON. 


Press key to display the desired program. 


Find the program head. Press key. 


Enter the number of the block to be restarted then press the [P 
TYPE] or [Q TYPE] soft key. The block number cannot exceed 
eight digits. 


[Q TYPE] 
[ B ] x00 or 


[P TYPE] 





— Block number 
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The block number is searched for, and the program restart screen 
appears on the LCD display. 


PROGRAM RESTART O Q 1 2 3 N Q '%4) Q Q Q 





DESTINATION RESTART INFORMATION 


680 000 BC: 999000019 
* M 6 18 
@.000) % 3: 3 
= 9 ) 6 
500 411%) 3 Boo ote ot ke ok ae 
bd oi oe oe oie ode oe oe ote oi oe oe oe oi of oe oi ok oie oe oe oe oe oe 
Q 000 oi oe oie oe oe oe ote oo oe oe oo oe oo oo oo oe 
° SRR kG HOH iio aa oi ie ie ao oe 
sd kkk kk ik keke i oi ie oe oko oe 


599 i 992 Joi III AOI res a 
0.000|: ™ 


A> 


MEM tick ek aoe 12:00: 00| RSTR 





Fig. 4.7 (b) Program restart screen 


DESTINATION shows the position at which machining is to 

restart. 

DISTANCE TO GO shows the distance from the current tool 

position to the position where machining is to restart. A 

number to the left of each axis name indicates the order of axes 

(determined by parameter setting) along which the tool moves to 

the restart position. 

The coordinates and amount of travel for restarting the program 

can be displayed for up to five axes. If your system supports six 

or more axes, pressing the [RSTR] soft key again displays the 
data for the sixth and subsequent axes. 

M: Up to 35 most recently specified M codes. The maximum 
number of displayed M codes differs depending on the size 
of the display. 

With 15” LCD/MDI panel or 10.4” LCD/MDI panel : 
Up to 35 M codes 
With 9.5” LCD/MDI panel : Up to 14 M codes 

: Two most recently specified T codes 

: Most recently specified S code 

: Most recently specified B code 
Codes are displayed in the order in which they are specified. 
All codes are cleared by a program restart command or 
cycle start in the reset state. 

Turn the program re-start switch OFF. At this time, the figure 

at the left side of axis name DISTANCE TO GO blinks. 

Check the screen for the M, S, T, and B codes to be executed. 

If they are found, enter the MDI mode, then execute the M, S, T, 

and B functions. After execution, restore the previous mode. 

These codes are not displayed on the program restart screen. 


wna 
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Check that the distance indicated under DISTANCE TO GO is 
correct. Also check whether there is the possibility that the tool 
might hit a workpiece or other objects when it moves to the 
machining restart position. Ifsuch a possibility exists, move the 
tool manually to a position from which the tool can move to the 
machining restart position without encountering any obstacles. 
Press the cycle start button. The tool moves to the machining 
restart position at the dry run feedrate sequentially along axes in 
the order specified by parameter settings (No. 7310). 
Machining is then restarted. 


Outputting the M, S, T, and B codes for program restart 


After the block to be restarted is searched for, you can perform the 
following operations: 


1 


Before the tool is moved to the machining restart position 

<1> The most recently specified M, S, T, and B codes can 
automatically be output to the PMC. 
The most recently specified S code is output as the 
maximum spindle speed when the S code is specified in the 
block containing G92 or as the specified spindle speed in 
other cases. As the most recently specified S code, only 
one S code is displayed on the program restart screen 
regardless of whether the S code is specified in the block 
containing G92. 

<2> While the block to be restarted is being searched for, all 
sampled M codes and most recently specified S, T, and B 
codes can automatically be output to the PMC. Up to 35 
M codes can be sampled. If the number of sampled M 
codes exceeds 35, the 35 most recently specified M codes 
are output to the PMC. 

Switch between operations <1> and <2> using bit 6 (MOA) of 

parameter No. 7300. 

Before the tool reaches the machining restart position 

On the program restart screen, you can specify M, S, T, and B 

codes from the MDI panel in the MEM or RMT mode without 

changing the mode. 
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Outputting the most recently specified M, S, T, and B codes 


When bit 7 (MOP) of parameter No. 7300 is set to 1, pressing the 
cycle start switch after searching for the block to be restarted 
automatically outputs the most recently specified M, S, T, and B codes 
to the PMC before the tool is moved to the machining restart position. 
In the single block stop status, after the most recently specified M, S, 
T, and B codes are output, pressing the cycle start switch again moves 
the tool to the machining restart position. 


Outputting all M codes and most recently specified S, T, and B codes 


When bit 6 (MOA) of parameter No. 7300 is set to 1, pressing the 
cycle start switch after searching for the block to be restarted 
automatically outputs all M codes and most recently specified S, T, 
and B codes to the PMC before the tool is moved to the machining 
restart position. 
(Example) 

When M10, M11, M12, M13, M14, T0101, $1000, and B10 are 

sampled, a program is executed in the format shown below 

before the tool is moved to the machining restart position: 

M10 T0101 S1000 B10 ; 

MI11; 

M12; 

M13; 

M14; 
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Outputting M, S, T, and B codes on the program restart screen 


When bit 7 (MOP) of parameter No. 7300 is set to 1, you can specify 
M, S, T, and B codes from the MDI panel in the MEM or RMT mode 
without changing the mode after searching for the block to be 
restarted until the tool reaches the machining restart position. 


When the block to be restarted is searched for using the program 
restart function, the program restart screen appears. When bit 7 
(MOP) of parameter No. 7300 is set to 1, operation soft keys 
[OVERSTORE], [ERASE], and [INPUT] are displayed. 


PROGRAM RESTART O0O123 NOBOOOBD 





DESTINATION RESTART INFORMATION 


680 = 0oB0 BC: 999800019 
M 6 10 
0.000 % eg a 
0000s 
ck oie ke oe oe de ote oie oie oe oe oe oe ak oie oe oi oe oe oe 


DISTANCE TO GO JR Gi aa kk ar i a ak aR ok i oR ak io ck 


599 ri 992 Je toto tote ests amid 
Q0.000/|: ™ 


A> 


MEM took cote keke te 12:68:66] RSTR 





OVERST 
ORE 


Fig. 4.7 (c) Program restart screen (outputting M, S, T, and B codes) 


Before the tool reaches the machining restart position, pressing 
soft key [OVERSTORE] selects the over store mode. In the 
over store mode, data can be entered in the M, S, T, and B fields 
displayed in the (OVERSTORE) section. 

To select the over store mode while the tool is moving to the 
machining restart position, hold restart operation by feed hold 
and press soft key [OVERSTORE]. 

Enter M, S, T, and B codes to be output in the (OVERSTORE) 
section from the MDI panel. 


(Example) 
To enter M10, S1000, T1101, and B20 in the 
(OVERSTORE) section: 


<1> Enter fo | from the MDI panel. 


<2> Press the [INPUT] key. 
You can also enter the S, T, and B codes by performing 
steps <1> and <2>. 
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PROGRAM RESTART O Q 7 2 3 N Q Q Q Q Q 


DESTINATION RESTART INFORMATION 


680 _ 0O0 BC: 999000019 
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ORE 


Fig. 4.7 (d) Program restart screen when M, S, T, and B codes are output 





3 When values have been entered in the (QVERSTORE) section, 
pressing the cycle start switch outputs each code in the 
(OVERSTORE) section. The values in the (OVERSTORE) 
section are cleared. 

4  Toclear the values entered in the (OVERSTORE) section as M, 
S, T, and B codes, press soft key [ERASE]. All entered values 
are cleared. 

5 Pressing soft key [OVERSTORE] again in the over store mode 
cancels the mode. Pressing the reset key also cancels the over 
store mode. 

6 To continue with restart operation, cancel the over store mode 
and press the cycle start switch. 


/A\ CAUTION 

1 TheM, S, T, and B codes specified in the over store 
mode are not displayed on the program restart 
screen. 


In the over store mode, changing the operation 
mode to other than the MEM or RMT mode does not 
cancel the over store mode. In this case, no values 
can be entered in the (OVERSTORE) section. 
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Explanation 
- Block number 


When the CNC is stopped, the number of executed blocks is displayed 
on the program screen or program restart screen. The operator can 
specify the number of the block from which the program is to be 
restarted, by referencing the number displayed on the LCD. The 
displayed number indicates the number of the block that was executed 
most recently. For example, to restart the program from the block at 
which execution stopped, specify the displayed number, plus one. 

The number of blocks is counted from the start of machining, 
assuming one NC line of a CNC program to be one block. 


(Example 1) 


CNC Program Number of blocks 


O 0001 ; 
G90 G92 X0 YO ZO ; 


G01 X100. F100 ; 
G03 X01 -50. F50 ; 
M30 ; 





(Example 2) 


O 0001 ; 

G90 G92 X0 YO ZO; 

G90 GOO 2100. ; 

G81 X100. YO. Z120. R-80. F50. ; 


= 


#1=#1+1 ; 
H2=#2+1 ; 
#3=#3+1 ; 
GOO X0 ZO; 
M30 ; 
Macro statements are not counted as blocks. 


oar BRB KRWD 





- Storing / clearing the block number 


The block number is held in memory while no power is supplied. 
The number can be cleared by cycle start in the reset state. 


- Block number when a program is halted or stopped 


The program screen usually displays the number of the block currently 
being executed. When the execution of a block is completed, the 
CNC is reset, or the program is executed in single-block stop mode, 
the program screen displays the number of the program that was 
executed most recently. When a CNC program is halted or stopped 
by feed hold, reset, or single-block stop, the following block numbers 
are displayed: 

Feed hold: Block being executed 

Reset: Block executed most recently 

Single-block stop: Block executed most recently 
For example, when the CNC is reset during the execution of block 10, 
the displayed block number changes from 10 to 9. 
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- MDI intervention 
When MDI intervention is performed while the program is stopped by 
single-block stop, the CNC commands used for intervention are not 
counted as a block. 


- Block number exceeding eight digits 
When the block number displayed on the program screen exceeds 
eight digits, the block number is reset to 0 and counting continues. 


Limitation 
- P type Restart 

In the following conditions, P type restart cannot be performed: 

e Automatic operation has not been performed since power-on. 

e Automatic operation has not been performed since emergency 
stop was released. 

e Automatic operation has not been performed since the coordinate 
system was changed or shifted (change of the external workpiece 
origin offset value). 

The block that can be restored properly by P type program restart is a 

block for which coordinate system setup or change was performed 

most recently before machining was interrupted. 


- Restart block 
The block where the program is to restart is not necessarily be the 
block at which the program was interrupted. You can restart the 
program from any block. For P-type restart, however, the block 
where the program is to restart must use the same coordinate system as 
when program execution was interrupted. 


- Single block 
When the single-block operation is enabled at the time of a movement 
to the restart point, a single-block stop occurs each time an axis 
operation takes place. In this case, no MDI operation is allowed. 


- Manual intervention 
During movement to the restart point, manual intervention is allowed 
for an axis for which a return operation has not yet been performed. 
However, manual operations do not cause any movement along axes 
for which a return operation has already been completed. 


- MDI 


When the search operation has ended, no move command can be 
specified by MDI before axis movement. 


- Reset 
Do not perform a reset operation during the time from the start of the 
search operation of the restart sequence until machining 1s restarted. 
If a reset operation is performed, the restart steps must be performed 
again from the beginning. 
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Feed hold 


Manual absolute 


Reference position return 


Program restart switch 


OPERATION 4.AUTOMATIC OPERATION 


If a feed hold operation is performed during the search, the restart 
steps must be performed again from the beginning. 


Every manual operation must be performed with the manual absolute 
mode turned on regardless of whether the manual operation is 
performed before or after machining. 


Unless an absolute position detector (absolute pulse coder) is provided, 
be sure to perform reference position return after power-up, then 
perform restart operation. 


When the program restart switch is on, pressing the cycle start switch 
does not start operation. 


Blocks specifying a macro statement, macro call, and subprogram call 


Blocks specifying a macro statement, macro call, and subprogram call 
are not searched for even when they have a sequence number. In 
such a case, search for a block previously preceding such a block. 


Interruption type custom macro 


During movement to the machining restart point at a dry run feedrate, 
no interruption type custom macro can be started. If an interruption 
type custom macro is started, alarm DS0724 is issued. 


Commands that prevent program restart 


Program restart cannot be performed for blocks placed in the 

following modes: 

e Cs contouring control 

e —_ Polygon turning (G50.2) 

e Threading (G32,G33), Circular threading (G35,G36), 
Threadingcycle (G92), Multiple repetitive threading cycle (G76) 

e _ Polar coordinate interpolation (G12.1) 

e —_ Balance cutting (G68) 

e —_ Rigid tapping 

If any of the following commands is included between the beginning 

of a program and the block where the program is to restart, program 

restart cannot be performed: 

e Hypothetical axis interpolation 

e Workpiece coordinate system preset (G92.1,G50.3) 

e Commands for enabling and disabling synchronous/mixture 
control and superimposed control 

e Commands for enabling and disabling axis synchronous control 
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- M, S, and T commands not usable in over store mode 
The M, S, and T functions listed below, unlike the other M, S, and T 
functions, have special meanings within the CNC. These M, S, and 
T commands cannot be specified from the over store screen. To 
specify these commands, cancel the over store mode, and execute 
them in MDI operation. 
Example: 
e Spindle positioning 
e —_ Rigid tapping 
e Tool management 


/\ WARNING 

As a rule, the tool cannot be returned to a correct 

position under the following conditions. 

Special care must be taken in the following cases 

since none of them cause an alarm: 

- Manual operation is performed when the manual 
absolute mode is OFF. 

- Manual operation is performed when the machine 
is locked. 

- When the mirror image is used. However, P type 
return is possible for a block that switched 
between ON and OFF most recently or a 
subsequent block. In this case, the mirror image 
signal status present when the program was 
interrupted must be maintained. 

- When no coordinate system is set up at the 
beginning of a program in which main commands 
are executed in the incremental mode. 

- When manual operation is performed in the course 
of axis movement for returning operation. 

- When the program restart is commanded for a 
block between the block for skip cutting and 
subsequent absolute command block. 

- When program restart is specified in the machine 
lock state, then the machine lock is canceled. 

- When program restart specified for an 
intermediate block for a multiple repetitive canned 
cycle 

- In general, when a coordinate system is set up, 
changed, or shifted after the search operation 
ends, the tool cannot be returned to a correct 
position. 
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/\ CAUTION 

Keep the following in mind when restarting a 

program including macro variables. 

- Common variable 
When the program is restarted, the previous 
values are inherited as common variables without 
being preset automatically. Before restarting the 
program, initialize the appropriate variables to the 
original values used at start of the previous 
automatic operation. 

- DI/DO 
At restart of the program, DI can be read by a 
system variable, but DO cannot be output. 

- Clock 
When the program is being restarted, the clock 
time can be obtained by a system variable, but 
the time cannot be preset. 

- Tool offset and workpiece origin offset 
When the program is being restarted, the offset 
can be read by a system variable, but change of 
the offset is allowed only for the Q type. 
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4.8 TOOL RETRACT AND RECOVER 


The tool can be retracted from a workpiece to replace the tool, if 
damaged during machining, or to check the status of machining. Then, 
the tool can be returned to restart machining efficiently. 


Procedure for tool retract and recover 


Procedure’ - Programming 
Specify a retraction axis and distance in command G10.6IP_ 
beforehand.In the sample program below, the N20 block specifies that 
the Z-axis is the retraction axis and the retraction distance is to be 50 


(Sample program) 


N10 G91 2-50. ; 
N20 G10.6 Z50._ ; 
N30 G01 X150. F500. ; 








Procedure 2 - Retract 
Suppose that the TOOL WITHDRAW switch on the machine 
operator's panel is turned on when the tool is positioned at point A 
during execution of the N30 block. 





Machine operator's panel 


O O 


TOOL BEING RETRACTION 
WITHDRAWN POSITION 








TOOL TOOL 
WITHDRAW RETURN 








Next, the tool withdrawal mode is set and the TOOL BEING 
WITHDRAWN LED goes on. At this time, automatic operation is 
temporarily halted. The tool is then retracted by the programmed 
distance. If point A is the end point of the block, retraction is 
performed after automatic operation is stopped. Retraction is based 
on linear interpolation. The dry run feedrate is used for retraction. 
Upon completion of retraction, the RETRACT POSITION LED on 
the operator's panel goes on. 
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Machine operator's panel 
x u rd N ! Pd 
18) je; 
TOOL BEING RETRACTION 
WITHDRAWN POSITION 


OOL TOOL 
ITHDRAW RETURN 





During retraction, the LCD screen displays PTRR and STRT. 
MEM STRT MIN *** 12: 66:66 PTRR 


-  PTRR blinks in the field for indicating states such as the program 
editing status. 

-  STRT is displayed in the automatic operation status field. 

- MTN is displayed in the field for indicating status such as 
movement along an axis. 


Set the manual operation mode, then withdraw the tool. For manual 
operation, either jog feed incremental feed, handle feed, or manual 
numerical command is possible. 
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Procedure 4 - Return 
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After withdrawing the tool and any additional operation such as 
replacing the tool, move the tool back to the previous retraction 
position. To return the tool to the retraction position, return the 
mode to automatic operation mode, then turn the TOOL RETURN 
switch on the operator's panel on then off again. The tool returns to 
the retraction position at the dry run feedrate, regardless of whether 
the dry run switch is on or off. 

When the tool has returned to the retraction position, the 
RETRACTION POSITION LED comes on. 


2 x 


6 


fo) 
1 
1 
5 
PointE @<----5, Z 
<< —— 
x 
® Point 
Y 


During return operation, the LCD screen displays PTRR and MSTR. 
MEM MSTR MIN *** 12:66:68 PTRR 

















-  PTRR blinks in the field for indicating states such as program 
editing status. 

- — MSTR is displayed in the automatic operation status field. 

- MTN is displayed in the field for indicating states such as 
movement along an axis. 
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Procedure 5 - Repositioning 


Limitation 


While the tool is at the retraction position (point E in the figure below) 
and the RETRACTION POSITION LED is on, press the cycle start 
switch. The tool is then repositioned at the point where retraction 
was started (i.e. where the TOOL WITHDRAW switch was turned on). 
Repositioning is based on linear interpolation. The dry run feedrate 
is used for repositioning. 

















Upon completion of repositioning, the tool withdraw mode is 
cancelled, and the TOOL BEING WITHDRAWN LED goes off and 
restart N30. 


1 If the origin, presetting, workpiece origin offset value (or 
external workpiece origin offset value), or workpiece coordinate 
shift amount (for a lathe system) is changed after the retraction 
position is specified with G10.6 in the absolute mode, the change 
is not reflected in the retraction position. After such changes 
are made or the workpiece origin offset value (or external 
workpiece origin offset value) or workpiece coordinate shift 
amount (for a lathe system) is changed, respectively the 
retraction position with G10.6. 

2 When retracting the tool manually in the tool withdrawal mode, 
do not use the machine lock, mirror-image, or scaling function. 


/\. WARNING 
The retraction axis and retraction distance specified 
in G10.6 must be changed in an appropriate block 


according to the figure being machined. Be very 
careful when specifying the retraction distance; an 
incorrect retraction distance may damage the 
workpiece, machine, or tool. 
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4.8.1 Retract 


Explanation 

- When no retraction distance is specified 
If no retraction distance or direction required for retraction are 
specified, retraction is not performed when the TOOL WITHDRAW 
switch on the operator's panel is turned on. Instead, the block being 
executed in automatic operation is interrupted (automatic operation is 
held or stopped). In this state, the tool can be withdrawn and 
returned. 





A= 


“J . 
N30_ Point Fointt 





- Retraction from the automatic operation hold or stop state 
When the single block switch is turned on during automatic operation, 
or the TOOL WITHDRAW switch is turned on after the automatic 
operation hold or stop state is set by feed hold: Retraction is 
performed, then the automatic operation hold or stop state is set again. 


- Stopping retraction 
During retraction, feed hold operation is ignored. However, reset 
operation is enabled (retraction is stopped at reset). When an alarm 
is issued during retraction, the retraction is stopped immediately. 


- Repositioning immediately after retraction 


After retraction is completed, tool repositioning can be started without 
performing the withdraw and return operations. 
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4.8.2 Withdrawal 


Explanation 
- Axis selection 


Path memorization 


Reset 


4.8.3 Return 


Explanation 


Return path 


Single block 
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To move the tool along an axis, select the corresponding axis selection 
signal. Never specify axis selection signals for two or more axes at a 
time. 


When the tool is moved in manual operation along an axis, the control 
unit memorizes up to ten paths of movements. If the tool is stopped 
after being moved along a selected axis and is then moved along 
another selected axis, the position where this switch takes place is 
memorized. After ten paths have been memorized, the control unit 
does not memorize any additional switching points. 


Upon reset, memorized position data is lost and the tool withdraw 
mode is cancelled. 


NOTE 
If an attempt is made to move the tool 


simultaneously along two axes using the manual 
numeric command in the tool withdrawal mode, an 
alarm (PS0015) is issued. 





When there are more than ten return paths, the tool first moves to the 
tenth position, then to the ninth position, then to the eighth position, 
and so forth until the retraction position is reached. 


The single block switch is enabled during return operation. If the 
single block switch is turned off, continuous return operation is 
performed. If the single block switch is turned off, the tool stops at 
each memorized position. In this case, return operation can be 
resumed by turning the TOOL RETURN switch on then off again. 


Interruption of return operation 


Feed hold 


When an alarm is issued during return operation, return operation 
stops. 


The feed hold function is enabled during return operation. 
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4.8.4 Repositioning 


Explanation 
- Feed hold 


The feed hold function is disabled during repositioning. 


- Operation after completion of repositioning 
The operation after completion of repositioning depends on the 
automatic operation state present when the TOOL WITHDRAW 
switch is turned on. 


1 When automatic operation is being started 
After completion of repositioning, the interrupted execution of 
the block is resumed. 

2 When automatic operation is held or stopped 
After completion of repositioning, the tool stops once at the 
repositioned point, then the original automatic operation hold or 
stop state is set. When the cycle start switch is pressed, 
automatic operation is resumed. 
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4.8.5 Tool Retract and Return for Threading 


Explanation 


- Differences between ordinary tool retract and return and tool retract and return 


for threading 


- Operation procedure 


During retraction, chamfering is performed between the specified 
retraction axis and threading axis. 

After retraction, one block that does not specify threading is 
executed and the tool stops. 

When the major axis for threading is specified as the retraction 
axis, retraction is not performed by turing the TOOL 
WITHDRAW switch on. In this case, after a block that does 
not specify threading is executed, an alarm (PS0429) is issued 
and the tool stops. 

As repositioning, the tool is returned to the position specified in 
the first block that does not specify threading. 


Specify a retraction axis and retraction distance in command 
“G10.6IP- -;”. 








01234 
G90G0X0Z0 ; 

$150 M03 ; 

N10 G91 G00 X-50. ; 
N20 G10.6 X40.0; 
N30 G33 Z-100. F2.0; 
N40 G00 X50. ; 

N50 Z100. ; 


\ M02; 
Z Threading Retraction axis: X 


etraction distance: 40.0 


N40 











Tur the TOOL WITHDRAW switch during the execution of a 
threading command block. 

The tool withdrawal mode is set and retraction is performed. 
Chamfering at 45 degrees is performed between the retraction 
axis and major axis for threading using the retraction distance as 
the chamfering amount during retraction. 

Details of retraction differ depending on whether the remaining 
travel distance for the threading command is smaller than the 
retraction distance when the TOOL WITHDRAW switch is 
turned on as follows: 
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(1) When remaining travel distance for threading = retraction 
distance 


Retraction 


position 


Retraction 


distance 





When the position where 45-degree chamfering by the 
retraction distance ends does not exceed the threading end 
position (c), the tool moves to the threading end position 
after the termination of chamfering. 


(2) When the remaining travel distance for threading < 
retraction distance 


d 


Retraction position N 


Retraction 


distance 








When the position where 45-degree chamfering by the 
retraction distance ends exceeds the threading end position 
(c), the tool moves to the retraction position along the 
retraction axis after it reaches the threading end position. 
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4 After retraction is completed, the next block that does not specify 
threading is executed and the tool stops. 





Point E 


: Oa 


Retraction position \ 











In this example, “X50.0” is specified in the first block that does 
not specify threading in the incremental mode, the tool moves to 
point E and stops. 

If the major axis for threading is specified as the retraction axis, 
the block that does not specify threading is executed without 
performing retraction, an alarm (PS0429) is issued, and the tool 
stops. 


5 _ As repositioning, the tool returns to the position specified in the 
first block that does not specify threading. 


oi Repositioning 


N50 
Oa 






Point E 


Retraction 


position 








In this example, the repositioning position is point d. 
Automatic operation after repositioning starts at the N50 block. 
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4.8.6 | Operation Procedure for a Canned Cycle for Drilling 


Explanation 

- Retract 
When the TOOL WITHDRAW switch is turned on during a canned 
cycle for drilling (abbreviated as a canned cycle below), retraction is 
performed depending on the cycle operation being executed at that 
time. 





Operation 1: Positioning to a hole position 
Operation 2: Rapid traverse to point R 
Operation 3: Hole machining 

See eee Operation 4: Operation at the bottom of the hole 
Operation 5: Retraction to point R 


! 
+ 1 
1 ; 5 
Operation 2 | Operation 6 Operation 6: Rapid traverse to the initial point 


v Point R 
a 
<P> 


Operation 3 Operation 5 


Operation 4 








1 During operation 1, the tool moves by the retraction distance 
specified in G10.6 in the same way as for ordinary retraction. 

2 During operation 2, the tool stops operation 2, moves to the 
initial point, and stops. 

3 During operation 3, the tool stops operation 3, executes cycle 
operations 4, 5, and 6 from that position, and stops at the initial 
point. 

4 During operation 4, 5, or 6, the tool continues the operation and 
stops at the initial point. 

When the TOOL WITHDRAW switch is turned on during 

operation 2 to 6, the tool does not move according to the 

retraction specified in G10.6. After the TOOL WITHDRAW 

switch is turned on and the tool moves to the initial point, 

however, the tool withdrawal mode is set. 

When the second or subsequent canned cycle is being executed 

and the TOOL WITHDRAW switch is tumed on during 

operation 2 to 6, the retraction position differs depending on G98 

(return to initial level) or G99 (return to point R level). 

- G98 (return to initial level): The tool moves to the initial 
level. 

- G99 (return to point R level):The tool moves to the point R 
level. 

5 During operation 2 to 6, the tool also moves to the initial point 
and stops when the TOOL WITHDRAW switch is turned on 
without the G10.6 command specified. 
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- Repositioning 


OPERATION 4.AUTOMATIC OPERATION 


When the tool is at the retraction position and the cycle start switch is 
pressed, repositioning is performed for the canned cycle. 


1 


Repositioning performed when the TOOL WITHDRAW switch 
is turned on during operation | 

After the completion of repositioning, automatic operation is 
resumed in the same way as for ordinary repositioning. 
Repositioning performed when the TOOL WITHDRAW switch 
is turned on during operation 2 

The canned cycle is reexecuted from operation 2. 

Repositioning performed when the TOOL WITHDRAW switch 
is turned on during operation 3 

The canned cycle is reexecuted from operation 2. 

Repositioning performed when the TOOL WITHDRAW switch 
is turned on during operation 4, 5, or 6 

The canned cycle is reexecuted for the same hole position from 
operation 2. 
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TEST OPERATION 





The following functions are used to check before actual machining 
whether the machine operates as specified by the created program. 


5.1 MACHINE LOCK AND AUXILIARY FUNCTION LOCK 
5.2 FEEDRATE OVERRIDE 

5.3. RAPID TRAVERSE OVERRIDE 

5.4 DRY RUN 

5.5 SINGLE BLOCK 
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OPERATION 5. TEST OPERATION 


5.7 MACHINE LOCK AND AUXILIARY FUNCTION LOCK 


To display the change in the position without moving the tool, use 
machine lock. 

There are two types of machine lock: all-axis machine lock, which 
stops the movement along all axes, and specified-axis machine lock, 
which stops the movement along specified axes only. In addition, 
auxiliary function lock, which disables M, S, T, and B (2nd auxiliary 
function) commands, is available for checking a program together 
with machine lock. 


Display unit 











XOOO0O0O0O 
Y 















































The tool does not move but the 
position along each axis changes 





Fig. 5.1 (a) Machine lock 


Machine lock and auxiliary function lock 


Procedure 
- Machine Lock 


Press the machine lock switch on the operator's panel. The tool does 
not move but the position along each axis changes on the display as if 
the tool were moving. 

Some machines have a machine lock switch for each axis. On such 
machines, press the machine lock switches for the axes along which 
the tool is to be stopped. Refer to the appropriate manual provided by 
the machine tool builder for machine lock. 


/A\ WARNING 
The positional relationship between the workpiece 
coordinates and machine coordinates may differ 
before and after automatic operation using machine 


lock. In such a case, specify the workpiece 
coordinate system by using a coordinate setting 
command or by performing manual reference 
position return. 
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- Auxiliary function lock 
Press the auxiliary function lock switch on the operator's panel. M, S, 
T, and B codes are disabled and not executed. Refer to the appropriate 
manual provided by the machine tool builder for auxiliary function 
lock. 


Limitation 
- M, S, T, B command by only machine lock 
M, S, T and B commands are executed in the machine lock state. 


- Reference position return under machine lock 
When a G27, G28, or G30 command is issued in the machine lock 
state, the command is accepted but the tool does not move to the 
reference position and the reference position return LED does not go 
on. 


- M codes not locked by auxiliary function lock 
M00, M01, M02, M30, M98, and M99 commands are executed even 
in the auxiliary function lock state. M codes for calling a subprogram 
(parameters No. 6071 to 6079) and those for calling a custom macro 
(parameters No. 6080 to 6089) are also executed. 
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5.2 FEEDRATE OVERRIDE 


A programmed feedrate can be reduced or increased by a percentage 
(%) selected by the override dial. This feature is used to check a 
program. 
For example, when a feedrate of 100 mm/min is specified in the 
program, setting the override dial to 50% moves the tool at 50 
mm/min. 


<O 
Feedrate 100 mm/min 


(Specified by programmed) 
~<— Check the machining by 


Feedrate 50 mm/min after altering the feedrate from 


feedrate override PTT the value specified in the 


program. 


Workpiece 





Fig. 5.2 (a) Feedrate override 


Feedrate override 


Procedure 


Limitation 
- Override range 


- Override during thread 


Set the feedrate override dial to the desired percentage (%) on the 
machine operator's panel, before or during automatic operation. 

On some machines, the same dial is used for the feedrate override dial 
and jog feedrate dial. Refer to the appropriate manual provided by the 
machine tool builder for feedrate override. 


The override that can be specified ranges from 0 to 254%. For 
individual machines, the range depends on the specifications of the 
machine tool builder. 


During the threading process, the override setting is ignored; it is 
always regarded as 100% during the process. 
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5.3 RAPID TRAVERSE OVERRIDE 


An override of four steps (FO, 25%, 50%, and 100%) can be applied to 
the rapid traverse rate. FO is set by a parameter (No. 1421). 


=8 7 <a 


Rapid traverse rate Override 5m/min 
10m/min 50% 





Fig. 5.3 (a) Rapid traverse override 


Rapid traverse override 


Procedure 
Select one of the four feedrates with the rapid traverse override switch 
during rapid traverse. Refer to the appropriate manual provided by the 
machine tool builder for rapid traverse override. 

Explanation 


The following types of rapid traverse are available. Rapid traverse 
override can be applied for each of them. 

(1) Rapid traverse by GOO 

(2) Rapid traverse during a canned cycle 

(3) Rapid traverse in G27, G28, G29, G30, G53 

(4) Manual rapid traverse 

(5) Rapid traverse of manual reference position return 
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5.4 DRY RUN 


Dry run 


Procedure 


Explanation 
- Dry run feedrate 


OPERATION 5. TEST OPERATION 


The tool is moved at the feedrate specified by a parameter regardless 
of the feedrate specified in the program. This function is used for 
checking the movement of the tool under the state that the workpiece 
is removed from the table. 








Fig. 5.4 (a) Dry run 


Press the dry run switch on the machine operator's panel during 
automatic operation. 

The tool moves at the feedrate specified in a parameter. The rapid 
traverse switch can also be used for changing the feedrate. 

Refer to the appropriate manual provided by the machine tool builder 
for dry run. 


The dry run feedrate changes as shown in the table below according to 
the rapid traverse switch and parameters. 

Table 5.4 (a) 
Rapid traverse Program command 





switch Rapid traverse Cutting feed 
(*2) 


Rapid traverse rate Dry run feedrate x Jvmax 








Dry run feedrate x JV, 








(°2) 
or rapid traverse rate “” POpnnesdials 


Max. cutting feedrate........... Setting by parameter No. 1430 

Rapid traverse rate ............. Setting by parameter No. 1420 

Dry run feedrate.............. Setting by parameter No.1410 

(1) Dry run feedrate x JV when parameter RDR (No. 1401#6) is 1. 
Rapid traverse rate when parameter RDR is 0. 
JV Jog feedrate override 

(2) Clamped to the maximum cutting feedrate 
Jvmax Maximum value of jog feedrate override 


- 979 - 


5. TEST OPERATION 


9.9 


Procedure 


OPERATION B-63944EN/02 


SINGLE BLOCK 


Single block 





Pressing the single block switch starts the single block mode. When 
the cycle start button is pressed in the single block mode, the tool 
stops after a single block in the program is executed. Check the 
program in the single block mode by executing the program block by 
block. 


Cycle start Cycle start 


Cycle start Stop 


Workpiece 


Fig. 5.5 (a) Single block 


1 Press the single block switch on the machine operator's panel. 
The execution of the program is stopped after the current block is 
executed. 

2 Press the cycle start button to execute the next block. The tool 
stops after the block is executed. 

Refer to the appropriate manual provided by the machine tool 
builder for single block execution. 
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Explanation 

- Reference position return and single block 
If G28, G29, and G30 are issued, the single block function is effective 
at the intermediate point. 


- Single block during a canned cycle 
In a canned cycle, the single block stop points are the end of <1>, <2>, 
and <6> shown below. When the single block stop is made after the 
point <1> or <2>, the feed hold LED lights. 


<1> 
C ee a0) 
: A 
<2> : 
ESOP Sere ileal > 
: Rapid 
g traverse 
: —_> 
<3> wre Cutting feed 
e 
<4> 








Fig. 5.5 (b) Single block during canned cycle 


- Subprogram call and single block 
Single block stop is not performed in a block containing M98P_;. 
M99; or G65. 
However, single block stop is even performed in a block with M98P_ 
or M99 command, if the block contains an address other than O, N, P, 
L. 
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SAFETY FUNCTIONS 








To immediately stop the machine for safety, press the Emergency stop 
button. To prevent the tool from exceeding the stroke ends, Overtravel 
check and Stored stroke check are available. This chapter describes 
emergency stop, overtravel check, and stored stroke check. 
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6.7 EMERGENCY STOP 


If you press Emergency Stop button on the machine operator's panel, 
the machine movement stops in a moment. 


EMERGENCY STOP 





Fig. 6.1 (a) Emergency stop 


This button is locked when it is pressed. Although it varies with the 
machine tool builder, the button can usually be unlocked by twisting 
it. 


Explanation 
EMERGENCY STOP interrupts the current to the motor. 
Causes of trouble must be removed before the button is released. 
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6.2 OVERTRAVEL 


When the tool tries to move beyond the stroke end set by the machine 
tool limit switch, the tool decelerates and stops because of working the 
limit switch and an OVER TRAVEL is displayed. 


Deceleration 
and stop Y 


i ih 





Stroke end Limit 
switch 








Fig. 6.2 (a) Overtravel 


Explanation 
- Overtravel during automatic operation 
When the tool touches a limit switch along an axis during automatic 
operation, the tool is decelerated and stopped along all axes and an 
overtravel alarm is displayed. 


- Overtravel during manual operation 
In manual operation, the tool is decelerated and stopped only along the 
axis for which the tool has touched a limit switch. The tool still 
moves along the other axes. 


- Releasing overtravel 
Press the reset button to reset the alarm after moving the tool to the 
safety direction by manual operation. For details on operation, refer 
to the operator's manual of the machine tool builder. 
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Alarm 


OT0506 


OPERATION 


Message 


+ OVERTRAVEL 
(HARD ) 


6.SAFETY FUNCTIONS 


Table6.2 (a) 

Description 
The stroke limit switch in the positive 
direction was triggered. 
This alarm is generated when the machine 
reaches the stroke end. 
When this alarm is not generated, feed of all 
axes is stopped during automatic operation. 
During manual operation, only the feed of the 
axis on which the alarm occurred is stopped. 





OT0507 


- OVERTRAVEL 
(HARD ) 
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The stroke limit switch in the negative 
direction was triggered. 

This alarm is generated when the machine 
reaches the stroke end. 

When this alarm is not generated, feed of all 
axes is stopped during automatic operation. 
During manual operation, only the feed of the 
axis on which the alarm occurred is stopped. 





6.SAFETY FUNCTIONS 


OPERATION B-63944EN/02 


6.3 STORED STROKE CHECK 





Three areas which the tool cannot enter can be specified with stored 


stroke check 1, stored stroke check 2, and stored stroke check 3. 


LL 


Stored stroke check 3 


Stored 
stroke 
check 2 





Stored stroke check 1 


Gy : Forbidden area for the tool 


Fig. 6.3 (a) Stroke check 





The following shows the areas which the tool cannot enter for each 
stored stroke check. 

e Stored stroke check 1: Outside 

e Stored stroke check 2: Outside or inside (switchable) 

e Stored stroke check 3: Inside 

When the tool moves into the forbidden area, an alarm is displayed 
and the tool is decelerated and stopped. 

When the tool enters a forbidden area and an alarm is generated, the 
tool can be moved in the reverse direction from which the tool came. 
The stored stroke check 2 and 3 functions are optional. 


- 986 - 


B-63944EN/02 


Explanation 
- Stored stroke check 1 


- Stored stroke check 2 


OPERATION 6.SAFETY FUNCTIONS 


Parameters (Nos. 1320, 1321 or Nos. 1326, 1327) set boundary. 
Outside the area of the set limits is a forbidden area. The machine tool 
builder usually sets this area as the maximum stroke. 

When the tool enters a forbidden area and an alarm is generated, the 
tool can be moved in the reverse direction from which the tool came. 
At this time, a signal (overtravel alarm signal) can be output to the 
PMC if bit 6 (OTS) of parameter No. 1301 is set to 1. In addition, 
when the tool enters the forbidden area during manual operation, the 
signal (overtravel alarm signal) can be output to the PMC without 
generating the alarm by setting bit | (NAL) of parameter No. 1300 to 
1. With this parameter setting, the alarm is generated when the tool 
enters the forbidden area during automatic operation. 


/\ CAUTION 
1 If the two points for specifying a forbidden area are 
identical, all areas are handled as forbidden areas 


for stored stroke check 1. 

2 The size of a forbidden area must be set carefully. 
If the size is set incorrectly, the stroke becomes 
infinite. 





Parameters (Nos. 1322, 1323) or commands set these boundaries. 
Inside or outside the area of the limit can be set as the forbidden area. 
Parameter OUT (No. 1300#0) selects either inside or outside as the 
forbidden area. 

In case of program command a G22 command forbids the tool to enter 
the forbidden area, and a G23 command permits the tool to enter the 
forbidden area. 

Each of G22; and G23; should be commanded independently of 
another commands in a block. 

The command below creates or changes the forbidden area: 


(X, Y, Z) 


(I, J, K) 
X>l, YoU, Z>K 








Fig. 6.3 (b) Creating or changing the forbidden area using a program 
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- Stored stroke check 3 


OPERATION B-63944EN/02 


When setting the area by parameters, points A and B in the figure 
below must be set. 





A(X1, Y1, Z1) 


B(X2, Y2, Z2) 
X1>X2, Y1>Y2, Z1>Z2 








Fig. 6.3 (c) Creating or changing the forbidden area using a parameters 


The values X1, Y1, Z1, X2, Y2, and Z2, which are set by parameters 
No. 1322 and No. 1323, must be specified by the distance from the 
machine coordinate system (machine unit). The values X, Y, Z, I, J, 
and K, which are set by a G22 command, must be specified by the 
distance in the least input increment (input unit). 

Values set by a program are then converted in the machine increment 
and the values are set as the parameters. 


Set the boundary with parameters No. 1324 and 1325. The area 
inside the boundary becomes the forbidden area. The values X1, Y1, 
Z1, X2, Y2, and Z2 must be set as coordinates (machine unit) in the 
machine coordinate system. 


/\ CAUTION 

1 If the two points for specifying a forbidden area are 
identical, all areas are handled as movable areas 
for stored stroke check 2/3. 
Even if the two points for specifying a forbidden 


area are erroneously set, the rectangular 
parallelepiped having the points as vertices is 
assumed as a boundary. 

Since an axis without the reference position return 
function has no forbidden areas, there are no 
alarms about forbidden areas for the axis. 





- Checkpoints in the forbidden area 


The parameter setting or programmed value (XYZIJK) depends on 
which part of the tool or tool holder is checked for entering the 
forbidden area. 

If point A (the top of the tool) is checked in Fig. 6.3(d), the distance 
"a" should be set as the data for the stored stroke limit function. If 
point B (the tool chuck) is checked, the distance "b" must be set. 
When checking the tool tip (like point A), and if the tool length varies 
for each tool, setting the forbidden area for the longest tool requires no 
re-setting and results in safe operation. 
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- Forbidden area overlapping 
Area can be set in piles. 


OPERATION 6.SAFETY FUNCTIONS 


For milling system 








The position of the 
tool after reference 
position return 








Area boundary 








For lathe system 








A 


The position of the 
tool after reference 


Forbitten area boundary position return 








Fig. 6.3 (d) Setting the forbidden area 








Uf 






Ws 


Setting the forbidden area overlapping 








Fig. 6.3 (e) Setting the forbidden area overlapping 


Unnecessary limits should be set beyond the machine stroke. 


- Condition under which each check is enabled 


Each check becomes effective after the power is turned on and manual 
reference position return or automatic reference position return by 
G28 has been performed. 

After the power is turned on, if the reference position is in the 
forbidden area of each limit, an alarm is generated immediately. 
(Only in G22 mode for stored stroke check 2). 
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- Releasing the alarms 
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If the enters a forbidden area and an alarm is generated, the tool can be 
moved only in the backward direction. To cancel the alarm, move 
the tool backward until it is outside the forbidden area and reset the 
system. When the alarm is canceled, the tool can be moved both 
backward and forward. 


- Change from G23 to G22 in a forbidden area 


When G23 is switched to G22 in the forbidden area, the following 

results. 

<1> When the forbidden area is inside, an alarm is informed in the 
next move. 

<2> When the forbidden area is outside, an alarm is informed 
immediately. 


- Timing for displaying an alarm 


Alarm 





In stored stroke check 1/2/3, parameter BFA (bit 7 of No. 1300) 
selects whether an alarm is displayed immediately before the tool 
enters the forbidden area or immediately after the tool has entered the 
forbidden area. 


©T0500 |+ OVERTRAVEL ( SOFT 1 ) A movement in the positive direction 
exceeded stored stroke check 1. 
A movement in the negative 


- OVERTRAVEL (SOFT 1) {direction exceeded stored stroke 
check 1. 


A movement in the positive direction 
OTOSOE Pe eee eros) exceeded stored stroke check 2. 


A movement in the negative 
- OVERTRAVEL (SOFT 2) {direction exceeded stored stroke 
check 2. 


A movement in the positive direction 
Cee ove RESORT 2) exceeded stored stroke check 3. 


A movement in the negative 
- OVERTRAVEL (SOFT 3) __ |direction exceeded stored stroke 
check 3. 
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6.4 STROKE LIMIT CHECK BEFORE MOVE 





During automatic operation, before the movement specified by a given 
block is started, whether the tool enters the inhibited area defined by 
stored stroke check 1, 2, or 3 is checked by determining the position 
of the end point from the current position of the machine and a 
specified amount of travel. If the tool is found to enter the inhibited 
area defined by a stored stroke limit, the tool is stopped immediately 
upon the start of movement for that block, and an alarm is displayed. 


/A\ WARNING 
Whether the coordinates of the end point, reached 
as a result of traversing the distance specified in 
each block, are in a inhibited area is checked. In this 
case, the path followed by a move command is not 
checked. However, if the tool enters the inhibited 
area defined by stored stroke check 1, 2, or 3, an 
alarm is issued. (See the examples below.) 

Example 1) 


Inhibited area defined by stored stroke check 1 or 2 


‘End point 
Start point 


The tool is stopped at point a according to stored stroke 
check 1 or 2. 


Inhibited area defined by stored stroke check 1 or 2 


e 
Immediately upon movement commencing from the start 
point, the tool is stopped to enable a stroke limit check 
before moving to be performed before movement. 
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Example 2) 





Inhibited area defined by stored stroke check 2 or 3} 


ean 


Start point The tool is stopped at point a according to stored stroke check 
2 or 3. 


End point 














Inhibited area defined by stored stroke check 2 or 3 


End 
ates point 











Immediately upon movement commencing from the start point, the tool is 
stopped to enable a stroke limit check before moving to be performed before 
movement. 





Explanation 
When a stroke limit check before moving is performed, whether to 
check the movement performed by a G31 (skip) block and G37 
(automatic tool length measurement) block can be determined using 
(parameter NPC (No. 1301#2)). 


Limitation 
- Machine lock 
If machine lock is applied at the start of movement, no stroke limit 
check made before movement is performed. 


- G23 
When stored stroke check 2 is disabled (G23 mode), no check is made 
to determine whether the tool enters the inhibited area defined by 
stored stroke check 2. 


- Program restart 
When a program is restarted, an alarm is issued if the restart position 
is within a inhibited area. 


- Manual intervention following a feed hold stop 
When the execution of a block is restarted after manual intervention 
following a feed hold stop, no alarm is issued even if the end point 
following a manual intervention is within a inhibited area. 
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- A block consisting of multiple operations 
If a block consisting of multiple operations (such as a canned cycle 
and exponential interpolation) is executed, an alarm is issued at the 
start point of any operation whose end point falls within a inhibited 
area. 


- Cylindrical interpolation mode 
In cylindrical interpolation mode, no check is made. 


- Polar coordinate interpolation mode 
In polar coordinate interpolation mode, no check is made. 


- Three-dimensional coordinate conversion 
In three-dimensional coordinate conversion mode, no check is made. 


- PMC axis control 
No check is made for a movement based on PMC axis control. 


Alarm 
Table 6.4 (a) Alarm 
Number Message Description 


The block end point was found in the + 
+ OVERTRAVEL side stroke limit prohibition area during a 
( PRE-CHECK ) stroke check before movement. 

Modify the program. 

The block end point was found in the - 

- OVERTRAVEL side stroke limit prohibition area during a 
( PRE-CHECK ) stroke check before movement. 

Modify the program. 


OT0510 





OT0511 
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6.5 WRONG OPERATION PREVENTION FUNCTIONS 


An improper tool offset setting or an improper operation of the 
machine can result in the workpiece being cut inadequately or the tool 
being damaged. Also, if data is lost due to an operation mistake, it 
takes extra time to recover from the mistake. 

The operation confirmation functions described below are meant to 
prevent the operator from performing any unintended operation 
(hereinafter referred to as an improper operation). 

1 Functions that are used when data is set 


Data check to verify that the offset data is within the valid 
setting range 

Incremental input operation confirmation 

Prohibition of the absolute input by the soft key to prevent 
any improper absolute or incremental input operation 
Confirmation of any operation of deleting the program or all 
data 

Confirmation of a data update during the data setting 
process 


2 Functions that are used when the program is executed 


Highlighting of updated modal information 

Display of the executed block status prior to the program 
execution 

Display of the axis status, such as the mirror image function 
enabled or the interlock function enabled 

Check for starting from the middle of the program 

Data check to verify that the offset data is within the 
effective setting range 

Maximum incremental value check 
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6.5.1 Functions that are Used When Data is Set 


The following functions are provided to prevent improper operations 
when data is set. 

Input data range check 

Confirmation of incremental input 

Prohibition of the absolute input by the soft key 

Confirmation of the deletion of the program 

Confirmation of the deletion of all data 

Confirmation of a data update during the data setting process 


Set these functions on the operation confirmation function setting 
screen. For the input data range check, set a valid input data range, 
e.g. the upper and lower limits, for each input screen. For the other 
functions, specify whether to enable or disable them. 

For information about how to display the individual setting screens, 
how to manipulate them, and other details, see the item “Operation 
confirmation setting screen” that describes the operation procedures. 
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6.5.1.7 Input data range check 


This function allows an effective data range to be set and checks 
whether the input data is within the set range. 


Input data range check 


Explanation 


- Outline of the input data range check 


This function allows an effective data range to be set for the data of 
each input screen listed later and checks whether the input data is 
within the set range. If the input data is out of the effective data 
range, the warning message "DATA IS OUT OF RANGE" is 
displayed and the data is rejected. 


For example, assume that the effective data range for a certain tool 
offset number is set to -200. to 200, and that you are going to input 
100.[INPUT]. Even if you inadvertently press the 0 key one more 
time, resulting in 1000.[INPUT], the input of 1000. is not accepted. 
The function detects a setting mistake and prevents the program from 
running with invalid data. 


- Input screens for which this function is effective 


Gg 





- Settings 


- Disabling the function 


e Tool compensation 
e Workpiece origin offset 


e  §=6© Y-axis tool offset 
e  Workpiece shift 


To enable this function, set an effective data range for each input 
screen on the operation confirmation function setting screen. For 
information about how to display the individual setting screens, how 
to set data ranges, and other details, see the items that describe the 
setting of the data ranges. 

If the set data range is invalid, no data input is accepted. Correct the 
data range setting, and then input data. 


The input data range check is disabled if you make any of the 

following settings on the operation confirmation function setting 

screen. 

e —_ Both the upper and lower limit values for the tool offset number 
or workpiece coordinate system are 0. 

e The upper and lower limit values for each offset are identical. 
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- Messages displayed during the input data range check 
When the cursor moves into an input field of an input screen, one of 
the following messages and warning messages is displayed. No 
message is displayed when the input data range check is disabled. 


When the set effective data range is valid 
Message list 1 


Input data status Color 


The data in the input field is Black 
within the range. 

The data in the input field is 

out of the range. 


xxx: Upper and lower limit values 





When the set effective data range is invalid 
Message list 2 

Range check status Message 
Tool offset number overlap NG SETTING (OFFSET NUM 
OVERLAP) 
Workpiece coordinate system |NG SETTING (WORK COORD 
overlap VAL OVERLAP) 
Invalid upper and lower limit NG SETTING (U-LMT AND L-LMT 
values ILLEGAL) 
The message "NG SETTING (U-LMT AND L-LMT ILLEGAL)" is 
displayed in the following cases: 
e —_ The upper and lower limit values are reversed. 
e The values are not effective (e.g., more pairs of offset numbers 

than allowed are set). 
e —_ Either of the tool offset numbers is 0. 




















- Range check for data changed by G10 or system variable 
If the data changed by G10 or system variable is out of the effective 
data range, the alarm PS0334 "OFFSET DATA OUT OF RANGE" is 
displayed. 
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6.5.1.2 Confirmation of incremental input 


This function displays a confirmation message when you attempt to 
input an incremental value by using the [+INPUT] soft key. 


Confirmation of incremental input 


Explanation 
- Outline of the confirmation of incremental input 
This function displays a confirmation message when you attempt to 
input an incremental value by using the [+INPUT] soft key in any of 
the input screens listed below. It lets you confirm whether you really 
want to change data or not before making that change. 


For example, when you set 5.[+INPUT] for 10., the message "15. 
INPUT OK?" is displayed. 

The function prevents improper absolute or incremental input 
operations. 


NOTE 
This function cannot be used to input two or more 


values consecutively by delimiting them by commas 


(,). 





- Input screens for which this function is effective 

e Tool compensation 
Workpiece origin offset 
Settings 
Parameter 
Pitch error compensation 


Ci 
e Chopping 

Workpiece shift 

Y-axis tool offset 

Second tool geometry offset 

Chuck tail stock barrier 

Tool geometry data 


- Settings 
In the operation confirmation function setting screen, check or 
uncheck the "INCREMENTAL INPUT" box to enable or disable this 
function. For information about how to display the setting screen, 
how to set the function, and other details, see the item “Operation 
confirmation setting” that describes the setting of the operation 
confirmation function. 
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6.5.1.3 


Explanation 


OPERATION 6.SAFETY FUNCTIONS 


Prohibition of the absolute input by the soft key 


This function prohibits the absolute input using the [INPUT] soft key. 


Prohibition of the absolute input by the soft key 


- Outline of the prohibition of the absolute input by the soft key 


This function prohibits the absolute input by the [INPUT] soft key in 
the input screens listed later. 
It prevents improper absolute or incremental input operations by 


requiring that the absolute input be made using the MDI key 
and that the incremental input be made using the [+INPUT] soft key. 


- Input screens for which this function is effective 


- Settings 


e Tool compensation 
e Workpiece origin offset 


e §=© Y-axis tool offset 
e  Workpiece shift 


In the operation confirmation function setting screen, check or 
uncheck the "DISABLED SOFTKEY|[INPUT] IN" box to enable or 
disable this function. For information about how to display the 
setting screen, how to set the function, and other details, see the item 
“Operation confirmation setting” that describes the setting of the 
operation confirmation function. 
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6.5.1.4 Confirmation of the deletion of the program 


This function displays the confirmation message "DELETE 
PROGRAM ?" when you attempt to delete the program. 


Confirmation of the deletion of the program 


Explanation 


- Outline of the confirmation of the deletion of the program 
When you attempt to delete the program, this function displays the 
confirmation message "DELETE PROGRAM ?" It lets you confirm 
whether you really want to delete the program or not before executing 
the deletion. 
The function prevents the program from being deleted due to an 
improper operation. 


- Settings 
In the operation confirmation function setting screen, check or 
uncheck the "PROGRAM DELETE" box to enable or disable this 
function. For information about how to display the setting screen, 
how to set the function, and other details, see the item “Operation 
confirmation setting” that describes the setting of the operation 
confirmation function. 
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6.5.1.5 Confirmation of the deletion of all data 


Explanation 


This function displays the confirmation message "DELETE ALL 
DATA?" when you attempt to delete all data. 


Confirmation of the deletion of all data 


- Outline of the confirmation of the deletion of all data 


When you attempt to delete all data on the input screen described later, 
this function displays the confirmation message "DELETE ALL 
DATA?". It lets you confirm whether you really want to delete all 
data or not before executing the deletion. 

The function prevents all data from being deleted due to an improper 
operation. 


- Input screens for which this function is effective 


- Settings 


e Tool compensation 


e Y-axis tool offset 


In the operation confirmation function setting screen, check or 
uncheck the "ALL DATA DELETE" box to enable or disable this 
function. For information about how to display the setting screen, 
how to set the function, and other details, see the item “Operation 
confirmation setting” that describes the setting of the operation 
confirmation function. 
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6.5.1.6 Confirmation of a data update during the data setting process 


This function displays the [CAN] and [EXEC] soft keys for 
confirmation when you attempt to update the data of an input screen 
during the data setting process. 


Confirmation of a data update during the data setting process 


Explanation 


- Outline of the confirmation of a data update during the data setting process 
When you input data in input screen during the data setting process, 
this function displays the [CAN] and [EXEC] soft keys for 
confirmation. It lets you confirm whether you really want to update 
the data or not before executing the update. 
The function prevents set values from being lost due to an improper 
operation. 


If you input data using the [+INPUT] soft key when the confirmation 
of incremental input is enabled, a message is displayed to confirm the 
incremental input. 


- Settings 
In the operation confirmation function setting screen, check or 
uncheck the "INPUT IN SETTING" box to enable or disable this 
function. For information about how to display the setting screen, 
how to set the function, and other details, see the item “Operation 
confirmation setting” that describes the setting of the operation 
confirmation function. 
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6.5.2 Functions that are Used when the Program is Executed 


Overview 
The following functions are provided to prevent improper operations 
when the program is executed. 

Display of updated modal information 

Start check signal 

Axis status display 

Confirmation of the start from a middle block 

Data range check 

Maximum incremental value check 


In the operation confirmation function setting screen, specify whether 
to enable or disable these functions individually. 

For information about how to display the setting screen, how to 
manipulate it, and other details, see the item “Operation confirmation 
setting screen” that describes the operation procedures. 
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6.5.2.1 Display of updated modal information 


This function allows modal information updated by the NC command 
or RESET to be highlighted in the modal information display for the 
current block. 


Display of updated modal information 


Explanation 


- Outline of the display of updated modal information 

This function allows modal information updated by the NC command 
or RESET to be highlighted in the modal information display for the 
current block. 

For example, when a absolute command has been changed to an 
incremental command or when the workpiece coordinate system has 
been initialized by RESET, the function displays the changed part of 
the data in an easy-to-recognize manner, in order to prevent improper 
operations during the execution of the program. 


- Settings 
In the operation confirmation function setting screen, check or 
uncheck the "UPDATE MODAL HIGHLIGHT DISPLAY" box to 
enable or disable this function. For information about how to display 
the setting screen, how to set the function, and other details, see the 
item “Operation confirmation setting” that describes the setting of the 
operation confirmation function. 
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6.5.2.2 Start check signal 


Explanation 


This function displays the remaining amount of travel and modal 
information of the block to be executed and puts the program to a 
temporary halt before the program is executed. 


Start check signal 


- Outline of the start check signal 


- Settings 


When a cycle start is made with the start check signal STCHK 
<G0408 #0> set to 1, the function displays the remaining amount of 
travel and modal information of the block to be executed and puts the 
program to a temporary halt. Making the cycle start again resumes 
the execution of the program. 

The function lets you check the status of the block before executing it, 
thus helping to prevent improper operations at the time of execution. 
Using this function in combination with the updated modal 
information display function described in the preceding subsection 
makes it easier to check the status of the block to be executed. 


This function does not require any setting on the operation 
confirmation function setting screen. 
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6.5.2.3 Axis status display 


This function displays the axis status to the left of the axis name in the 
coordinate display screen. 


Axis status display 


Explanation 


- Outline of the axis status display 


- Axis status indication 


- Settings 


This function displays the axis status to the left of the axis name in the 
display of the machine coordinates, absolute coordinates, relative 
coordinates, and remaining travel amounts. 

For example, when the mirror image function is enabled for the X1 
axis, the absolute coordinates are displayed as follows. 


ABSOLUTE 
M X1__ 10.000 


Y1 = 10.000 
Zl 0.000 





By displaying the axis status as shown above, the function prevents 
improper operations at the time of execution. 


The axis status is indicated as follows. These indications are listed in 
order of priority. 


AXIS DETACH :D 
INTERLOCK iI 
MACHINE LOCK iL 
SERVO OFF a) 
AXIS MOVING me 
MIRROR IMAGE :M 


In the operation confirmation function setting screen, check or 
uncheck the "AXIS STATUS DISPLAY" box to enable or disable this 
function. For information about how to display the setting screen, 
how to set the function, and other details, see the item “Operation 
confirmation setting” that describes the setting of the operation 
confirmation function. 
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6.5.2.4 Confirmation of the start from a middle block 


This function displays a confirmation message when you attempt to 
execute a memory operation with the cursor placed on a block in the 
middle of the program. 


Confirmation of the start from a middle block 


Explanation 


- Outline of the confirmation of the start from a middle block 


- Settings 


This function displays the confirmation message "START FROM 
MIDDLE OF PROG (START/RESET)" when you attempt to execute 
a memory operation with the cursor placed on a block in the middle of 
the program. It lets you confirm whether you really want to start 
execution from that block or not before executing the program. 

The function prevents you from inadvertently making a cycle start 
from a block in the middle of the program. 


In the operation confirmation function setting screen, check or 
uncheck the "START FROM MIDDLE OF PROGRAM" box to 
enable or disable this function. For information about how to display 
the setting screen, how to set the function, and other details, see the 
item “Operation confirmation setting” that describes the setting of the 
operation confirmation function. 
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6.5.2.5 Data range check 


This function lets you set an effective data range and check whether 
the data to be used for execution is within the set range. 


Data range check 


Explanation 
- Outline of the data range check 

This function lets you set an effective data range for each data item 
listed later and check whether the data to be used for execution is 
within the set range. If the data is out of the effective range, the 
alarm PS0334 "OFFSET DATA OUT OF EFFECTIVE RANGE" is 
displayed. 

The function detects data setting mistakes and prevents the program 
from running with invalid data. 


- Data for which this function is effective 
e Tool compensation 
e Workpiece origin offset 


Tr 





e =: Y-axis tool offset 
e  Workpiece shift 


NOTE 
To use this function, you need to set each effective 


data range correctly. For information about how 
to set the data ranges, see the item “Effective value 
range for each data’. 





- 1008 - 


OPERATION 6.SAFETY FUNCTIONS 


B-63944EN/02 


6.5.2.6 Maximum incremental value check 


This function checks the maximum incremental value specified for 
each axis by the NC command. 


Maximum incremental value check 


Explanation 


- Outline of the maximum incremental value check 


- Format 


When the maximum incremental value is specified by the NC 
command shown later, this function checks whether the amount of 
movement is kept below the specified value. If the specified value is 
exceeded, the alarm PS0337 "EXCESS MAXIMUM 
INCREMENTAL VALUE" is displayed. 

A maximum incremental value can be specified on a per-axis basis 
and remains effective until 0 is set or the value is reset. 

For example, when high precision contour control is used, the function 
checks whether the amount of movement between blocks is kept to the 
specified value or less. Through this process, it detects erroneous 
program settings and prevents the program from running with invalid 
data. 


The format of the NC command used to specify the maximum 
incremental value is as follows. 


G91.1 IP_; 
IP_; Maximum incremental value 


To cancel the maximum incremental value check, set 0. 
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6.5.3 Setting Screen 


This section describes how to display the operation confirmation 
function setting screen and how to set the individual data items on this 
screen. 

The operation confirmation function setting screen allows you to set 
the following items: 

e —_ Enabling or disabling each operation confirmation function 

e Effective value range for the tool offset 

e __ Effective value range for the workpiece origin offset 


Effective value range for the Y-axis tool offset 
Effective value range for the work shift 
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Operation confirmation function setting screen 


This 


screen displays the enable/disable setting status of the following 


operation confirmation functions and lets you change their settings. 
(Hereinafter, the screen is referred to as the operation confirmation 
function setting screen.) 


Confirmation of incremental input 

Prohibition of the absolute input by the soft key 
Confirmation of the deletion of the program 

Confirmation of the deletion of all data 

Confirmation of a data update during the data setting process 
Display of updated modal information 

Axis status display 

Confirmation of the start from a middle block 


Displaying and setting the operation confirmation function setting screen 


Procedure 


ACTUAL POSITION 


OWN<xX 





Press the function key. 


Press the (=) soft key (continuous menu key) at the right edge 
of the screen several times until the [GUARD] soft key is 
displayed. 

Click the [GUARD] soft key. The setting screen that was 
displayed last with relation to any operation confirmation 
function is displayed (the operation confirmation function setting 
screen is the first such screen that appears after the system is 
restarted). 

If any screen other than the operation confirmation function 
setting screen is displayed, click the [GUARD] soft key. The 
operation confirmation function setting screen is displayed. 


00123 NOOGBA 
Qrevnin 


953 
12H15N33S 
6H OM OS 





ABSOLUTE 


0.080 
Q@.000 
0.000 
Q@.000 
0.000 






F 


PARTS COUNT 

RUN TIME 

CYCLE TIME 
OPERATION CONFIRMATION 


JV INCREMENTAL INPUT CON 
[JV PROGRAM DELETE CON 
JVALL DATA DELETE CON 
SOFTKEY CINPUT] UNUSED. 
[- TOOL OFFSET; WORK SHIFT 
[7 WORK COORDINATES 































MODAL [SETTING INPUT CON 
eh) ES RE OF N q MUPDATE MODAL HIGHLIGHT DISPLAY 
MaxXIS STATUS DISPLAY 

G17 G98 Gdaa.1 

8 [CON OF ORDER AND MISSING CHAR 
G98 G58 G25 
G22 G6? Gi60 » P JV CON OF START ON THE WAY OF PRG 
G94 G9? G13.41 
G21 G54 650.1 T a 
GAB G64 G54.2 . 5 
Gd9.1669 680.5 A> 





12: 66: 68 | PATH1 





MEM STOP +x 4% 


i Cols hes i | DE ais [| a [ 


Operation confirmation function setting screen 
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5 In the operation confirmation function setting screen, the check 
box of each enabled function is checked (V). Move the cursor 
to the check box of the item you want to set, by pressing the 


[+]. [¥ }. [e], ana [+] keys. 


6 Click the operation soft key [ON:1] or [OFF:0]. When you 
click the [ON:1] soft key, a check mark (V) appears in the 
corresponding check box, indicating that the function is enabled. 
When you click the [OFF:0] soft key, the check mark disappears 
from the check box, indicating that the function is disabled. 


Explanation 


- Items to be set 
The following table shows what is displayed for each item to be set 
and the corresponding functions. 


INCREMENTAL INPUT Confirmation of incremental input 

DISABLED SOFTKEY[INPUT] IN Prohibition of the absolute input by the 
TOOL OFFSET, WORK SHIFT _ {soft key (tool offset, Y-axis tool offset 

(lathe system), and work shift (lathe 

system)) 

DISABLED SOFTKEY[INPUT] IN Prohibition of the absolute input by the 
WORK COORDINATES soft key (workpiece origin offset) 











PROGRAM DELETE Confirmation of the deletion of the 
program 

AALL DATA DELETE Confirmation of the deletion of all data 
INPUT IN SETTING Confirmation of a data update during the 
data setting process 

UPDATE MODAL HIGHLIGHT Display of updated modal information 
DISPLAY 
AXIS STATUS DISPLAY Axis status display 

START FROM MIDDLE OF PROGRAM |Confirmation of the start from a middle 
block 
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6.5.3.2 Tool offset range setting screen 


This screen displays the setting status of tool offset effective data 
ranges and lets you change their settings. (Hereinafter, the screen is 
referred to as the tool offset range setting screen.) 

Up to 20 pairs of numbers can be specified to identify tool offset 
number ranges, and an effective offset value range can be defined for 
each of these 20 pairs. 


Displaying and setting the tool offset range setting screen 


Procedure 


1 Press the function key. 


2 Press the (=) soft key (continuous menu key) at the right edge 
of the screen several times until the [GUARD] soft key is 
displayed. 

3. Click the [GUARD] soft key. The setting screen that was 

displayed last with relation to any operation confirmation 

function is displayed (the operation confirmation function setting 
screen is the first such screen that appears after the system is 
restarted). 

If any screen other than the tool offset range setting screen is 

displayed, click the [OFFSET] soft key. The tool offset range 

setting screen is displayed. What is displayed in this screen 
differs depending on the system configuration described later. 


OPERATION CONFIRMATION Og 1 23 NOOOGBD 


TOOL OFFSET : 
RANGE RANGE 


& 


FROM TO LOW-LIMIT UP-LIMIT FROM TO LOW-LIMIT UP-LIMIT 























[ ef ef o.eoof ocoaf of of o.ea0/ 0.000 
[ef af 8. B00 | 6.e00 [ of al 8. 880 | 6. 688 
[ af af 8. aa0/ o.e80 [ Bf al 8. a0 | 6. 888 
[ of of o.eoof ocoaf of of o.ea0[ 0.e00 
[ of of o.eoaf o.eeaf of of o.e00[ G.e00 
[ ef af 8. a08| 6.000 [ B/ af 8. aa0 | @. aaa 
[ of of G.eoof 0.000 
[ of of o.eo0f 0.000 
[ ef af 8. B00 | 8. 688 
[ ef af 8. aa0/ 8. 888 
[ of of o.eoof 0.000 
[ of of o.eo0f 0.000 
[ ef af 8. 98 | 8. 680 
[ of of o.eoof 0.000 
A> 


MEM STOP *** *** 12: 66: 68 | PATH1 
A [ti wy [J 


5 Move the cursor to the item you want to set, by using the 


PAGE 


and keys, [+]. [+]. [+]. and [=] keys, or the 


[SWITCH] soft key. 
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6 Press the MDI key, enter necessary data, and then click the 
[INPUT] soft key. 


If the set effective data range is invalid for any of the reasons listed 
below, the input data range check is not performed normally and the 
input data is rejected. 

e There is a tool offset number overlap. 

e The upper and lower limit values are reversed. 

e The values are not effective (e.g., more pairs of offset numbers 

than allowed are set). 
e Either of the tool offset numbers is 0. 


Also, the input data range check is invalidated in the following cases. 
e Both the upper and lower limit values for the tool offset number 
are 0. 
e The upper and lower offset limit values are identical. 


Explanation 
- System configuration 


What to set differs for each of the following system configurations: 


e Tool offset memory A 
e Tool offset memory B 
e Tool offset memory C 


e Without geometry and wear offset 
e With geometry and wear offset 
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- What to set with tool offset memory A 
With tool offset memory A, an effective data range is specified using 
the following four items. 

FROM 

TO 

LOW-LIMIT 

UP-LIMIT 





Specify a tool offset number range. 





Specify a valid tool offset value range in connection 
with a specified tool offset number range. 














- What to set with tool offset memory B 
With tool offset memory A, an effective data range is specified using 
the following six items. 

FROM 

TO 

LOW-LIMIT 

UP-LIMIT 

LOW-LIMIT 

UP-LIMIT 





Specify a tool offset number range. 





Specify a valid tool offset value range for geometry in 
connection with a specified tool offset number range. 
Specify a valid tool offset value range for wear in 

connection with a specified tool offset number range. 




















- What to set with tool offset memory C 
With tool offset memory C, an effective data range is specified using 
the following ten items. 


Displayed item What to set 


FROM 





TO 


Specify a tool offset number range. 





LENGTH 


LOW-LIMIT 





UP-LIMIT 


Specify a valid tool offset value range for geometry 
length in connection with a specified tool offset number 
range. 





RADIUS 


LOW-LIMIT 





UP-LIMIT 


Specify a valid tool offset value range for geometry 
radius in connection with a specified tool offset number 
range. 





LENGTH 


LOW-LIMIT 





UP-LIMIT 


Specify a valid tool offset value range for wear length in 
connection with a specified tool offset number range. 





RADIUS 





In the 
input data range cannot be displayed in a single screen page. 


LOW-LIMIT 








UP-LIMIT 





Specify a valid tool offset value range for wear radius in 
connection with a specified tool offset number range. 





case of this configuration, all the information needed to set an 


Set the 


information while switching pages using the [SWITCH] soft key. 
The screen provides an indication that lets you know which part of the 
information is currently displayed. 
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iT | 
- What to set without geometry/wear offset 
Without geometry/wear offset, an effective data range is specified 
using the following eight items. 
FROM 
TO 
LOW-LIMIT|Specify a valid tool offset value range for the X-axis in 
UP-LIMIT {connection with a specified tool offset number range. 
LOW-LIMIT|Specify a valid tool offset value range for the Z-axis in 
UP-LIMIT {connection with a specified tool offset number range. 
LOW-LIMIT|Specify a valid tool offset value range for tool-nose radius in 
UP-LIMIT {connection with a specified tool offset number range. 


OPERATION B-63944EN/02 








Specify a tool offset number range. 


























NOTE 
The radius-related items are not displayed if the 
cutter or tool nose radius compensation is not used. 





- What to set with geometry/wear offset 
With geometry/wear offset, an effective data range is specified using 
the following 12 items. 


Displayed item What to set 


RANGE EROM 
TO 


LOW-LIMIT 





Specify a tool offset number range. 


Specify a valid tool offset value range for the geometry 
X-axis in connection with a specified tool offset number 
range. 

Specify a valid tool offset value range for the geometry 
Z-axis in connection with a specified tool offset number 
range. 

Specify a valid tool offset value range for geometry 
tool-nose radius in connection with a specified tool offset 
number range. 

Specify a valid tool offset value range for the wear X-axis 
in connection with a specified tool offset number range. 





UP-LIMIT 





LOW-LIMIT 





UP-LIMIT 





LOW-LIMIT 





mops UP-LIMIT 





LOW-LIMIT 
UP-LIMIT 








LOW-LIMIT 





UP-LIMIT 


Specify a valid tool offset value range for the wear Z-axis 
in connection with a specified tool offset number range. 





RADIUS 


LOW-LIMIT 





UP-LIMIT 


Specify a valid tool offset value range for wear tool-nose 
radius in connection with a specified tool offset number 














range. 
In the case of this system, all the information needed to set an input 
data range cannot be displayed in a single screen page. Set the 
information while switching pages using the [SWITCH] soft key. 
The screen provides an indication that lets you know which part of the 
information is currently displayed. 


NOTE 
The radius-related items are not displayed if the 


tool nose radius compensation option is not 
displayed. 
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- Example of setting an input data range 
For example, suppose that the following values are set with offset 
memory A. 
FROM: TO LOW-LIMIT : UP-LIMIT 
1:20 0.000 : 100.000 


In this case, the tool offset input screen accepts only offset values 
from 0.000 to 1000.000 for offset numbers | to 20. 

If you attempt to input any other value, the warning message "DATA 
IS OUT OF RANGE" is displayed. 
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6.5.3.3 Workpiece origin offset range setting screen 


Procedure 


This screen displays the setting status of workpiece origin offset and 
external workpiece origin offset effective data ranges and lets you 
change their settings. (Hereinafter, the screen is referred to as the 
workpiece origin offset range setting screen.) 


Up to six pairs of values can be specified to identify workpiece 
coordinate ranges for the workpiece origin offset, and an effective 
offset value range can be defined for each of the axes of these six pairs. 
As for the external workpiece origin offset, an effective offset value 
range can be specified for each axis. 


Displaying and setting the workpiece origin offset range setting screen 


1 ‘Press the function key. 


2 Press the (=) soft key (continuous menu key) at the right edge 
of the screen several times until the [GUARD] soft key is 
displayed. 

3. Click the [GUARD] soft key. The setting screen that was 
displayed last with relation to any operation confirmation 
function is displayed (the operation confirmation function setting 
screen is the first such screen that appears after the system is 
restarted). 

4 — If any screen other than the workpiece origin offset range setting 
screen is displayed, click the [WORK] soft key. The workpiece 
origin offset range setting screen is displayed. 


WORK COORDINATES BIZ) ub 23 NQOOOQW 


WORK COORDINATES : RANGEC1/2> 
SET G5ad-~-G59_ G5Sd. 1P1--G5d. 1P308. 








RAN FROM To RAN FROM To 
NONE? <NONE>|  <NONE> 

NO. LOW-LIMIT — UP-LIMIT NO. LOW-LIMIT — UP-LIMIT 

oi =x |[ 8. 898] 6.080 893 x | 8. a88 8. 888 


uM 8. 688 8. 688 Y @. 688 8. 888 
2 6. 668 6. 668 me @. 688 8. 888 








B | 8. 80] 6. 680 B | 8. 6808 8. 808 
RAN FROM To RAN FROM To 
<NONE?|  <NONE? <NONE>| NONE? 


NO. LOW-LIMIT UP-LIMIT NO. LOW-LIMIT UP-LIMIT 
a82 x 8. 988 6.668 864 x @. 688 8. 688 
Y 8. 688 @. 688 ne @. 688 6. 888 

















2 8. 808 8. 808 2 8. 808 8. 6808 
B | 8. 8] 6. 680 B | 8. 888 8. 808 
A> 
MEM STOP 4% 48 12:00:06 | PATH1 





Tt tt Ls oo “a ] 


Workpiece origin offset range setting screen 
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Explanation 


OPERATION 6.SAFETY FUNCTIONS 


Move the cursor to the item you want to set, by using the 


PAGE 


and keys, [+]. [+]. [+]. and [=] keys, or the 


[SWITCH] soft key. 
Press the MDI key, enter necessary data, and then click the 
[INPUT] soft key. 


If the set effective data range is invalid for any of the reasons listed 
below, the input data range check is not performed normally and the 
input data is rejected. 


There 1s a workpiece coordinate overlap. 

The upper and lower limit values are reversed. 

The values are not effective (e.g., an invalid workpiece 
coordinate system is set). 

The upper limit value is set for the workpiece coordinate system 
when 0 is set for the lower limit value. 


Also, the input data range check is invalidated in the following cases. 


Both the upper and lower limit values for the workpiece 
coordinate system are 0. 
The upper and lower limit values for each offset are identical. 


- What to set for the workpiece origin offset 
For the workpiece origin offset, an effective data range is specified 
using the following four items. 


Displayed item What to set 


FROM 
TO 





Specify a workpiece coordinate system range. 





LOW-LIMIT |Specify a valid offset value range in connection with a 
UP-LIMIT _|specified workpiece coordinate system range. 














- What to set for the external workpiece origin offset 
For the external workpiece origin offset, an effective data range is 
specified using the following two items. 


AXIS rena LIMIT |Specify a valid external workpiece origin offset value range 
NAME JUP-LIMIT _ | LIMIT jon each axis. 


Displayeditem | = Whattoset 





- 1019 - 


6.SAFETY FUNCTIONS OPERATION B-63944EN/02 


6.5.3.4 Y-axis tool offset range setting screen 


In the case of a lathe system, this screen displays the setting status of 
Y-axis tool offset effective data ranges and lets you change their 
settings. (Hereinafter, the screen is referred to as the Y-axis tool 
offset range setting screen.) 

Up to four pairs of values can be specified to identify Y-axis tool 
offset number ranges, and an effective offset value range can be 
defined for each of these four pairs. 


Displaying and setting the Y-axis tool offset range setting screen 


Procedure 
1 Press the function key. 


2 Press the (=) soft key (continuous menu key) at the right edge 
of the screen several times until the [GUARD] soft key is 
displayed. 

3. Click the [GUARD] soft key. The setting screen that was 
displayed last with relation to any operation confirmation 
function is displayed (the operation confirmation function setting 
screen is the first such screen that appears after the system is 
restarted). 

4 If any screen other than the Y-axis tool offset range setting 
screen is displayed, click the [OFST.2] soft key. The Y-axis 
tool offset range setting screen is displayed. What is displayed 
in this screen differs depending on such factors as whether tool 
geometry/wear offsets are present. 


OPERATION CONFIRMATION B1Z121212) NOOOGD 


Y AXIS TOOL OFFSET : 
RANGE 
FROM TO LOW-LIMIT UP-LIMIT 








[ ef 6.eo0{ 6.000 
[ ef al 8. 808 | 6. 808 
[ ef af 8. 880 | 8. 680 
[ ef ef o.esof  2.e00 





A> 


MEM STOP *** *** 12: 66:66 | PATH1 


‘Tt bE EL LoL _ [] 


Y-axis tool offset range setting screen 
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5 Move the cursor to the item you want to set, by using the 


PAGE 


and keys, [+]. [+]. [+]. and [=] keys, or the 


[SWITCH] soft key. 
6 Press the MDI key, enter necessary data, and then click the 
[INPUT] soft key. 


If the set effective data range is invalid for any of the reasons listed 
below, the input data range check is not performed normally and the 
input data is rejected. 

e There is a tool offset number overlap. 

e The upper and lower limit values are reversed. 

e The values are not effective (e.g., more pairs of offset numbers 

than allowed are set). 
e Either of the tool offset numbers is 0. 


Also, the input data range check is invalidated in the following cases. 
e Both the upper and lower limit values for the tool offset number 
are 0. 
e The upper and lower offset limit values are identical. 


Explanation 
- What to set without geometry/wear offsets 
Without geometry/wear offsets, an effective data range is specified 
using the following four items. 
FROM 
TO 
LOW-LIMIT |Specify a valid tool offset value range in connection 
UP-LIMIT |with a specified Y-axis tool offset number range. 





Specify a Y-axis tool offset number range. 

















- What to set with geometry/wear offsets 
With geometry/wear offsets, an effective data range is specified using 
the following six items. 


FROM 
TO 
LOW-LIMIT|Specify a valid tool offset value range for geometry in 
connection with a specified Y-axis tool offset number 
range. 

LOW-LIMIT|Specify a valid tool offset value range for wear in 
connection with a specified Y-axis tool offset number 
range. 





Specify a Y-axis tool offset number range. 








UP-LIMIT 








UP-LIMIT 
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6.5.3.5 | Workpiece shift range setting screen 


In the case of a lathe system, this screen displays the setting status of 
shift effective data ranges of workpiece shift coordinate systems and 
lets you change their settings. (Hereinafter, the screen is referred to 
as the workpiece shift range setting screen.) 

An offset value range can be specified for each axis. 


Displaying and setting workpiece shift input ranges 


Procedure 
1 Press the function key. 


2 Press the (=) soft key (continuous menu key) at the right edge 
of the screen several times until the [GUARD] soft key is 
displayed. 

3. Click the [GUARD] soft key. The setting screen that was 
displayed last with relation to any operation confirmation 
function is displayed (the operation confirmation function setting 
screen is the first such screen that appears after the system is 
restarted). 

4 — If any screen other than the workpiece shift range setting screen 
is displayed, click the [WORK SHIFT] soft key. The 
workpiece shift range setting screen is displayed. 


OPERATION CONFIRMATION O1Z121212) NOOOGOd 








WORK SHIFT 
LOW-LIMIT —_UP-LIMIT 
8. 888 
| 6. 880 | 8. 808 
| 8. a80 | 8. 888 
[  @.e08[ 96.000 
[  6.e08[ 6.000 





A> 
MEM STOP *** **% 12: 66:66 | PATH1 


< | | | | | | ae | | i | 


Workpiece shift range setting screen 


5 Move the cursor to the item you want to set, by using the 





PAGE 


and keys, [+]. [+]. [+]. and [+] keys, or the 


[SWITCH] soft key. 
6 Press the MDI key, enter necessary data, and then click the 
[INPUT] soft key. 
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If the set effective data range is invalid for any of the reasons listed 
below, the input data range check is not performed normally and the 
input data is rejected. 

e The upper and lower limit values are reversed. 


Also, the input data range check is invalidated in the following cases. 
e The upper and lower offset limit values are identical. 


Explanation 
- What to set for the workpiece shift 
For the workpiece shift, an effective data range is specified using the 
following two items. 


Displayeditem | _—Whattoset 





AXIS SSCA LIMIT |Specify a valid workpiece shift coordinate system shift 
NAME JUP-LIMIT _ | LIMIT |value range on each axis. 
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ALARM AND SELF-DIAGNOSIS 
FUNCTIONS 


When an alarm occurs, the corresponding alarm screen appears to 
indicate the cause of the alarm. The causes of alarms are classified by 
error codes and number. Up to 60 previous alarms can be stored and 
displayed on the screen (alarm history display). 

The system may sometimes seem to be at a halt, although no alarm is 
displayed. In this case, the system may be performing some 
processing. The state of the system can be checked using the 
self-diagnosis function. 





hOI4e 
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OPERATION _7.ALARM AND SELF-DIAGNOSIS FUNCTIONS 


7.1 ALARM DISPLAY 





Explanation 


- Alarm screen 


When an alarm is issued, the display changes to the alarm screen. 
Two alarm screens "DETAIL" and "ALL PATH" are provided. You 
can choose one of the screens by pressing the corresponding soft key. 


e —_ Detail screen 
Alarm information for the currently selected path is displayed. 


ALARM MESSAGE 080123 NOOOOWYG 





SW6166 PARAMETER ENABLE SWITCH ON 


PWaeG8 POWER MUST BE OFF 
PS@616 IMPROPER G-CODE 
OT@586 €X>+ OVERTRAVEL ¢ HARD > 





Fig. 7.1 (a) Alarm detail screen 
e = All path screen 
Alarm information for all paths is displayed sequentially from 
path 1. 


ALARM MESSAGE 00123 NOOOODG 


W816 PARAMETER ENABLE SWITCH ON 
PATH@1 

PWaeea8 POWER MUST BE OFF 

PATHO1 

PS@616 IMPROPER G-CODE 

PATH@1 

OT@586 €X>+ OVERTRAVEL ¢ HARD > 








ooo ES ean 


Fig. 7.1 (b) All path screen 
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- Displaying an alarm screen 


- Releasing alarm 


- Error code and number 


ALM is sometimes indicated in the bottom part of the screen display 
without displaying an alarm screen. 














ita 00123 NOOWGO 
e988 SEQ INI ISO TYC 8021 OUT CHANNEL/F. G. 
ppb BP BE zi 
aoae1 Fou @0022 INP CHANNEL/E. G. 
p Pp 6 6B BP BP ff BB 4 
goae2 SJz 99823 OUT CHANNEL/B. G. 
p bp 6B 6B BP BP fb BP 4 
aa010 MIF PEC PRM PZS @8024 10 
p bP 6 6 B B f ft  ge190 ENS TOP —_ ia 4 a 
gaa12 RMU MIR rT 
x1 6B 6 B B B B PB BP  goi91 nFD asi SB2 
PPE EEE ERP erre 
c1 
“1b Bp bb 6 Bb p p 2202 10 SELECT oe 
a bp P BP BP BP B P P  gesas paupRATE cHe 
98828 1/0 CHANNEL 


16 


a 





A> 


MEM STOP #¥# xx 
READ |PUNCH 


12:60:06 |PATH1 








peepee 


Fig. 7.1 (c) Parameter screen 





In this case, display the alarm screen by following the steps below. 


1 Press the function key. 


2 Press the [ALARM] chapter selection soft key. 

3. __- Pressing the [ALARM] soft key changes the screen display to the 
"DETAIL" screen (or the alarm screen selected previously), and 
the [DETAIL] and [ALL PATH] soft keys appears. 

Pressing the [DETAIL] soft key displays the "DETAIL" 
screen. 
Pressing the [ALL PATH] soft key displays the "ALL 
PATH" screen. 
If the number of paths is 1, pressing the [ALARM] soft key 
displays the "DETAIL" screen, but the [ALARM] soft key 
indication remains unchanged. 
4  Youcan change pages by using the page key. 


The cause of an alarm can be determined from the error code, number, 
and associated message. To release the alarm, generally correct the 
cause, then press the reset key. 


The type of an alarm is indicated by an error code and number. 
Example: PS0010, SV0004, etc. 
For details, see Appendix G, "ALARMS". 
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7.2 


Procedure 


OPERATION _7.ALARM AND SELF-DIAGNOSIS FUNCTIONS 


ALARM HISTORY DISPLAY 


Up to 60 alarms (in 10 screen pages) issued by the CNC including the 
latest alarm are stored and displayed on the screen. 
The display procedure is explained below. 


Alarm history display 


3 


Press the function key. 


Press the [HISTRY] chapter selection soft key. 

An alarm history is displayed. 

The following information is displayed: 

<1> Date and time of alarm issuance 

<2> Alarm type 

<3> Alarm number 

<4> Alarm message (sometimes not displayed depending on the 
alarm) 

<5> Page No. 

You can change pages by using the page key. 


ALARM HISTORY 00123 NOOOGBD 


PAGE : 1 


2003/05/21 11:31:16 

PWa8e6 POWER MUST BE OFF 
2003/05/21 11:31:61 

PS8616 IMPROPER G-CODE 

2003/05/21 11:29:35 

SW6166 PARAMETER ENABLE SWITCH ON 





A> 


MDI STOP *** *** 12:66:06} PATH1 





Fig. 7.2 (a) Alarm history screen 
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1.3 


Procedure 


CHECKING BY SELF-DIAGNOSIS SCREEN 


The system may sometimes seem to be at a halt, although no alarm has 
occurred. In this case, the system may be performing some processing. 
The state of the system can be checked by displaying the 
self-diagnosis screen. 


Procedure for Diagnois 


1 Press the function key. 


2 Press the [DGNOS] chapter selection soft key. 
3. The diagnosis screen has more than | pages. Select the screen by 
the following operation. 
(1) Change the page by the page change key. 
(2) Method by soft key 
e Key input the number of the diagnosis data to be 
displayed. 
e ~=—- Press [N SRCH]. 


DIAGNOST I CCGENERAL > O 0 4 2 9 N Q %4) %4) Q 4} 


9088 6838 CHARACTER NUMBER TH DATACFG> 
Inposition Check 6 


Feedrate Override 0% 0031 TH DATACFG> 


Jog Feed Override 0% Bp Bp Bp Bp Bp 
Inter/Start Lock on 8032 CHARACTER NUMBER TH DATA BG? 
Speed Arrival on 7] 


p 
p 
p 
p 
p 
p 
p 
p 
p x1 
p 
p 
p 
p 
p 
p 
p 


Wait Revolution 9033 TH DATA CBG? 





Stop Position Coder p p p p 
eae 8208 Servo Data STATL 

Be anc nial pb p bp b BB B B 

oreground Rea ing 71 p p p p p p p p 

Background Reading C1 p p p p p p p p 

vi p Bp B @ B B f Bf 

ai bp Pp BP B Bb B fb Bf 





MEM STOP *** *** 12:66:06} PATH1 


Fig. 7.3 (a) Self-diagnosis screen 
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DATA INPUT/OUTPUT 





By using the memory card interface on the left side of the display, 
information written in a memory card is read into the CNC and 
information is written from the CNC to a memory card. 

The following types of data can be input and output: 

Program 

Offset data 

Parameter 

Pitch error compensation data 

Three-dimensional error compensation data 

Custom macro common variable 

Workpiece coordinate system setting data 

Operation history data 

Tool management data 


3 Ol ORNS 


The above data can be input and output on the screens used for 
displaying and setting the data and on the ALL IO screen. 
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8.17 INPUT/OUTPUT ON EACH SCREEN 


Various types of data including programs, parameters, offsets, pitch 
error compensation data, macro variables, workpiece coordinate 
system data, operation history data, and tool management data can be 
input and output using operation screens. 
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8.1.1 
8.1.1.1 


Procedure 


OPERATION 8.DATA INPUT/OUTPUT 


Inputting and Outputting a Program 


inputting a program 


The following explains how to input a program from a memory card 
to the memory of the CNC by using the program editing screen or 
program directory screen. 


Inputting a program 


NR 


ie) 


AD NFA 


Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


Press function key , then the program editing screen or 


program directory screen appears. 

Press soft key [((OPRT)]. 

Press the rightmost soft key (e) (continuous menu key). 

Press soft key [READ]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 
"ALL-PROG.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the program, and "INPUT" blinks in the lower 
right part of the screen. When the read operation ends, the 
"INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 
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8.1.1.2 Outputting a program 


A program stored in the memory of the CNC unit is output to a 
memory card. 


Outputting a program 


Procedure 


NR 


ios) 


NADA 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


Press function key , then the program editing screen or 


program directory screen appears. 

Press soft key [((OPRT)]. 

Press the rightmost soft key (=) (continuous menu key). 

Press soft key [PUNCH]. 

Type the number of the program that you want to output. 

If you type "O-9999" or nothing, all programs in the memory are 
output to "ALL-PROG.TXT". 

Press soft key [EXEC]. 

This starts outputting the program, and "OUTPUT" blinks in the 
lower right part of the screen. When the read operation ends, the 
"OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.71.2 — Inputting and Outputting Parameters 


8.1.2.1 Inputting parameters 


Parameters are loaded into the memory of the CNC unit from a 
memory card. The input format is the same as the output format. 
When a parameter is loaded which has the same data number as a 
parameter already registered in the memory, the loaded parameter 
replaces the existing parameter. 


Inputting parameters 


Procedure 
Make sure the input device is ready for reading. 


OFFSET 


2 Press function key | ; 


3 Press the soft key [SETTING] for chapter selection, then the 
setting screen appears. 

4 Enter | in response to the prompt for "PARAMETER WRITE" in 
setting data. 
Alarm SW0100 appears. 


5 Press function key : 


6 Press chapter selection soft key [PARAM], then the parameter screen 
appears. 

7 Press the EDIT switch on the machine operator’s panel. 

8 Press soft key [((OPRT)]. 

9 Press soft key [READ]. 

10 Type the name of the file that you want to input. 


If the input file name is omitted, default input file name 
"CNC-PARA.TXT" is assumed. 

11 Press soft key [EXEC]. 
This starts reading the program, and “INPUT” blinks in the lower 
right part of the screen. When the read operation ends, the 
“INPUT” indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 


OFFSET 


12 Press function key |S} . 


13 Press the chapter selection soft key [SETTING]. 

14 Enter 0 in response to the prompt for “PARAMETER WRITE” in 
setting data. 

15 Turn the power to the CNC back on. 
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8.1.2.2 Outputting parameters 


Procedure 


Explanation 


All parameters are output in the defined format from the memory of 
the CNC to a memory card. 


Outputting parameters 


NO Re 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel or enter 
state emergency stop. 


Press function key . 


Press the EDIT switch on the machine operator’s panel or enter 
state emergency stop. 

Press chapter selection soft key [PARAM], then the parameter 
screen appears. 

Press soft key [((OPRT)]. 

Press soft key [PUNCH]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "CNC-PARA.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the program, and “OUTPUT” blinks in the 
lower right part of the screen. When the read operation ends, the 
“OUTPUT” indication disappears. 

To cancel the output, press soft key [CANCEL]. 


- Suppressing output of parameters set to 0 
When bit 1 (PRM) of parameter No. 0010 is set to 1, and [EXEC] is 
pressed, the following parameters are not output: 


Pe = =I Other than axis type Axis type 


Bit type Parameter for which all bits are | Parameter for an axis for which 
ue set to 0. all bits are set to 0. 





‘ Parameter for an axis for which 
Value type | Parameter whose value is 0. : 
the value is 0. 
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8.1.3 — Inputting and Outputting Offset Data 
8.1.3.1 Inputting offset data 


Offset data is loaded into the memory of the CNC from a memory 
card. The input format is the same as for offset value output. When 
an offset value is loaded which has the same offset number as an 
offset number already registered in the memory, the loaded offset data 
replaces existing data. 


Inputting offset data 


Procedure 
1 Make sure the input device is ready for reading. 
2 Press the EDIT switch on the machine operator’s panel. 
3 Press function key | , then the tool compensation screen 
appears. 
4 Press soft key [((OPRT)]. 
5 Press the rightmost soft key (=) (continuous menu key). 
6 Press soft key [READ]. 
7 Type the name of the file that you want to input. 


If the input file name is omitted, default input file name 
"TOOLOFST.TXT" is assumed. 

8 Press soft key [EXEC]. 
This starts reading the program, and “INPUT” blinks in the lower 
right part of the screen. When the read operation ends, the 
“INPUT” indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 
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8.1.3.2 Outputting offset data 


All offset data is output in a output format from the memory of the 
CNC to a memory card. 


Outputting offset data 


Procedure 


NR 


ies) 


NDF 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET 


Press function key , then the tool compensation screen 


appears. 

Press soft key [((OPRT)]. 

Press the rightmost soft key (=) (continuous menu key). 

Press soft key [PUNCH]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "TOOLOFST.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the offset data, and "OUTPUT" blinks in the 
lower right part of the screen. When the read operation ends, the 
"OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Explanation 
- Output format 


Output format is as follows: 


e Tool compensation memory A 
% 
G10 G90 P01 R_Q_ 
G10 G90 P02 R_Q_ 





G10 G90 P_ R_ 
% 
Q_: Virtual tool nose number (TIP). Not output when the 
virtual tool nose direction is not used. 
P_: Tool offset number (1 to the number of tool 
compensation pairs) 
R_: Tool compensation data. Output with a decimal 
point in the input unit used at output. 





e Tool compensation memory B 
% 

G10 G90 L10 P01 R_ Q_ 
G10 G90 L11 P01 R_ 

G10 G90 L10 P02 R_ Q_ 





G10 G90 L11 P_R_ 
% 
L10 : Geometric compensation amount 
L11 : Wear compensation amount 
Q_,P_, and R_ have the same meanings as for tool 
compensation memory A. 
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Tool compensation memory C 








% 

G10 G90 L10 P01 R_Q_ 
G10 G90 L11 P01 R_ 
G10 G90 L12 P01 R_ 
G10 G90 L13 P01 R_ 
G10 G90 L10 PO2R_Q_ 


G10 G90 L12 P_ R_ 
G10 G90 L13 P_ R_ 
% 
L10 : Geometry compensation amount corresponding to the 
H code 
L11 : Wear compensation amount corresponding to the H 
code 
L12 : Geometry compensation amount corresponding to the 
D code 
L13 : Wear compensation amount corresponding to the D 
code 
Q_,P_, and R_ have the same meanings as for tool 
compensation memory A. 
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[7 





The tool compensation amount and tool nose radius compensation 
amount are output in the following format. 


% 
G10 P01 X_Z_R_Q_Y_ 
G10 P0O2X_Z_R_Q_Y._ 





G10 P__X_Z_R_ 
G10 P10001 X_Z_ 
Zz 


Q_ 
Q_ 
Q_ 
R_ 
G10 P10002 X_Z_R_ 


‘ae 


G10P100_ X_Z R_Y_ 
% 

P_: Tool compensation number (1 to the number of tool 
compensation pairs) 

Tool offset number: Specification of the tool 
compensation amount and tool wear compensation 
amount 

10000 + tool offset number: Specification of the tool 
geometry compensation amount 

X_: Tool compensation data (X). Output with a decimal 
point in the input unit used at output. 

Z_: Tool compensation data (Z). Same as X_. 

R_: Tool nose radius offset amount (R). The data format 
is the same as for X_. 

When tool nose radius compensation is not provided, 
this item is not output. 

Q_: Virtual tool nose number (TIP). When tool nose 
radius compensation is not provided, this item is not 
output. 

Y_ : Tool compensation data (Y). The data format is the 
same as for X_. 

When no Y-axis offset is provided, this item is not 
output. 
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The second tool geometry compensation amount is output in the 
following format. 


% 
G10 P20001 X_Z_Y_ 
G10 P20002 X_Z_Y_ 





G10P200_ X_Z_Y_ 
% 
P_:Tool compensation number (1 to the number of tool 
compensation pairs) 
Tool offset number: Specification of the tool 
compensation amount and tool wear compensation 
amount 
20000 + tool offset number: Specification of the 
second tool geometry compensation amount 
The other addresses are the same as for the tool 
compensation amount. 











NOTE 


The input format and output format do not depend 
on the G-code system A/B/C. 
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8.1.4 Inputting and Outputting Pitch Error Compensation Data 


8.1.4.1 Inputting pitch error compensation data 


Pitch error compensation data are loaded into the memory of the CNC 
from a memory card. The input format is the same as the output 
format. When a pitch error compensation data is loaded which has 
the corresponding data number as a pitch error compensation data 
already registered in the memory, the loaded data replaces the existing 
data. 


Inputting pitch error compensation data 


Procedure 
Make sure the input device is ready for reading. 


OFFSET 


2 Press function key [Serie] . 


Press the chapter selection soft key [SETTING]. 

3 Enter | in response to the prompt for "PARAMETER WRITE" in 
setting data. 
Alarm SW0100 appears. 


4 Press function key : 


Press the rightmost soft key (=) (continuous menu key) and 
press chapter selection soft key [PITCH]. 
Press the EDIT switch on the machine operator’s panel. 
Press soft key [((OPRT)]. 
Press the rightmost soft key (=) (continuous menu key). 
Press soft key [READ]. 
0 Type the name of the file that you want to input. 
If the input file name is omitted, default input file name 
"PITCH.TXT" is assumed. 
11 Press soft key [EXEC]. 
This starts reading the pitch error compensation data, and 
"INPUT" blinks in the lower right part of the screen. When the 
read operation ends, the "INPUT" indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 


Nn 


ee OO OND 


OFFSET 


12 Press function key |Ssrixe| . 


13 Press the chapter selection soft key [SETTING]. 

14 Enter 0 in response to the prompt for "PARAMETER WRITE" in 
setting data. 

15 Turn the power to the CNC back on. 
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8.1.4.2 Outputting pitch error compensation data 


All pitch error compensation data are output in the defined format 
from the memory of the CNC to a memory card. 


Outputting pitch error compensation data 


Procedure 


Ww 


CONN NA 


Make sure the output device is ready for output. 


Press function key ; 


Press the rightmost soft key (=) (continuous menu key) and 
press chapter selection soft key [PITCH]. 

Press soft key [((OPRT)]. 

Press the rightmost soft key (=) (continuous menu key). 

Press the EDIT switch on the machine operator’s panel. 

Press soft key [PUNCH]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "PITCH.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the pitch error compensation data, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.4.3 Input/output format of pitch error compensation data 


Pitch error compensation data is input and output in the following 
input and output formats. 


- Keywords 
The following alphabets are used as keywords. 
The numeric value following each keyword has the meaning listed 
below: 


Meaning of the following numeric value 
Pitch error compensation data number + 10000 


Data identification 
(1 : Parameter data, 0 : Pitch error compensation data ) 


| oP Pitch error compensation data value 





- Format 
Pitch error compensation data is output in the following format: 


ibid | ao | PI bash 5 


The 5-digit numeric value following N indicates a pitch error 
compensation data number to which a value of 10000 is added. 

QO indicates pitch error compensation data 

The numeric value following P indicates the value (integer value) of 
pitch error compensation data between -128 to 127. 

The semicolon (;) indicates the end of block (LF in the ISO code or 
CR in the EIA code). 


Example 
N10001QO0P 100; 


Pitch error compensation data number 1 
Pitch error compensation data value 100 





- Beginning and end of a record 
A pitch error compensation data record begins with % and ends 
with %. 


Example 
% | Beginning of record 
N10000Q0P 10; 
N10001Q0P 100; 


N11279QOP0: 


End of record 





When parameters and pitch error compensation data are integrated 
into one file, % is added to the beginning and end of the file. 
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8.71.5 — Inputting and Outputting Three-dimensional Error 
Compensation Data 


8.1.5.1 Inputting three-dimensional error compensation data 


Three-dimensional error compensation data are loaded into the 
memory of the CNC from a memory card. The input format is the 
same as the output format. When a three-dimensional error 
compensation data is loaded which has the corresponding data number 
as a three-dimensional error compensation data already registered in 
the memory, the loaded data replaces the existing data. 


Inputting three-dimensional error compensation data 


Procedure 


Nn 


Fe OwoOnADN 


11 


12 


13 
14 


15 


Make sure the input device is ready for reading. 

Press function key a : 

Press the chapter selection soft key [SETTING]. 

Enter 1 in response to the prompt for "PARAMETER WRITE" 


in setting data. 
Alarm SW0100 appears. 


Press function key . 


Press the rightmost soft key [=] (continuous menu key) and 
press chapter selection soft key [3D ERR COMP]. 

Press the EDIT switch on the machine operator’s panel. 

Press soft key [(OPRT)]. 

Press the rightmost soft key (=) (continuous menu key). 

Press soft key [READ]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 
"COMP3D.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the three-dimensional error compensation data, 
and "INPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


Press function key sri} . 
Press the chapter selection soft key [SETTING]. 
Enter 0 in response to the prompt for "PARAMETER WRITE" 


in setting data. 
Turn the power to the CNC back on. 
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8.1.5.2 


Procedure 


OPERATION 8.DATA INPUT/OUTPUT 


Outputting three-dimensional error compensation data 


All three-dimensional error compensation data are output in the 
defined format from the memory of the CNC to a memory card. 


Outputting three-dimensional error compensation data 


ies) 


ONIN NA 


Make sure the output device is ready for output. 
Press function key , 


Press the rightmost soft key (=) (continuous menu key) and 
press chapter selection soft key [3D ERR COMP]. 

Press soft key [(OPRT)]. 

Press the rightmost soft key (=) (continuous menu key). 

Press the EDIT switch on the machine operator’s panel. 

Press soft key [PUNCH]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "COMP3D.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the three-dimensional error compensation 
data, and "OUTPUT" blinks in the lower right part of the screen. 
When the read operation ends, the "OUTPUT" indication 
disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.5.3 Input/output format of three-dimensional error compensation 
data 


Three-dimensional error compensation data is input and output in the 
following input and output formats. 


- Keywords 
The following alphabets are used as keywords. 
The numeric value following each keyword has the meaning listed 
below: 


Meaning of the following numeric value 
N Data number (compensation point number + 100000) as 
represented with six digits 


First compensation axis 


Second compensation axis 
Third compensation axis 
| Pp Compensation data (-128 to 127) 





- Format 
Three-dimensional error compensation data is output in the following 
format: 


a Tare Tete [ase DT 


The 6-digit numeric value following N indicates a three-dimensional 
error compensation data number to which a value of 100000 is added. 
The numeric value following P indicates the value (integer value) of 
three-dimensional error compensation data between -128 to 127. 

The semicolon (;) indicates the end of block (LF in the ISO code or 
CR in the EIA code). 


Example 
N100001A1P100A2P110A3P120; 
Three-dimensional error compensation data 
number 1 
Error compensation data value for the 1st 


compensation axis 100 

Error compensation data value for the 2nd 
compensation axis 110 

Error compensation data value for the 3rd 
compensation axis 120 
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- Beginning and end of a record 
A three-dimensional error compensation data record begins with % 
and ends with %. 


Example 
% | Beginning of record 
N100001 A1 P1 A2 P2 A3 P3 ; 
N100002 A1 PO A2 PO A3 P-3 ; 


N115625 A1 P1 A2 P1 A3 PO; 
End of record 





- Input of compensation data using G10 
Compensation data can be changed from a machining program, using 
the programmable parameter input function. 


The command format is as follows: 











% 
G10 L51 ; 
N_P_R_; 
N_P_R_; 
G11; 
% 
G10L51 : Three-dimensional error compensation data 
input mode 
G11 : Cancellation of three-dimensional error 
compensation data input mode 
N : Compensation point number (1-15625) 
P : Compensation axis number (1-3) 
R : Compensation data (-128-127) 





NOTE 
To input compensation data using G10, the option 
of the programmable parameter input function is 
required. 


In three-dimensional error compensation data input 
mode, no other NC statements can be issued. 

The decimal point cannot be used in address N, P, 
and R. 
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8.1.6 — Inputting and Outputting Custom Macro Common Variables 


8.1.6.1 Inputting custom macro common variables 


The value of a custom macro common variable is loaded into the 
memory of the CNC from a memory card. The same format used to 
output custom macro common variables is used for input. 


Inputting custom macro common variables 


Procedure 
1 = Make sure the input device is ready for reading. 


OFFSET 


Press function key ; 


Press the rightmost soft key [e)} (continuous menu key) and 
press chapter selection soft key [MACRO]. 

Press soft key [(OPRT)]. 

Press the rightmost soft key [e}) (continuous menu key). 

Press the EDIT switch on the machine operator’s panel. 

Press soft key [READ]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 
"MACRO.TXT" is assumed. 

9 Press soft key [EXEC]. 

This starts reading the custom macro common variables, and 
"INPUT" blinks in the lower right part of the screen. When the 
read operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


ww 


CONN Nn 


Explanation 
- Common variables 

The common variables (#500 to #549) can be input and output. 

(When the option for adding a common variable is specified, values 
from #500 to #999 can be input and output.) #100 to #149 can be 
input when bit 3 (PV5) of parameter No. 6001 is set to 1. (When the 
option for adding a common variable is specified, values from #100 to 
#199 can be input and output.) 
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8.1.6.2 


Procedure 
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Outputting custom macro common variables 


Custom macro common variables stored in the memory of the CNC 
can be output in the defined format to a memory card. 


Outputting custom macro common variables 


BR WwW NOR 


onNnnNN 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key . 


Press the rightmost soft key (=) (continuous menu key) and 
press chapter selection soft key [MACRO]. 

Press soft key [((OPRT)]. 

Press the rightmost soft key (e) (continuous menu key). 

Press soft key [PUNCH]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "MACRO.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the custom macro common variables, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Explanation 
- Output format 


- Common variable 


OPERATION B-63944EN/02 


The output format is as follows: 
The values of custom macro variables are output in a bit-image 
hexadecimal representation of double-precision floating-point type 
data. 

% 
G10L85P200(0000000000000000) 
G10L85P200(0000000000000000) 
G10L85P200(FFFFFFFFFFFFFFFF) 





G10L85P500(4024000000000000) 
G10L85P501(4021000000000000) 
G10L85P502(0000000000000000) 


SETVNSOO[ABC, DEF] 
SETVN501[GHI,JKL] 
SETVN502[MNO,PQR] 
M02 

% 











NOTE 


The conventional custom macro statement 
program format cannot be used for output. 





The common variables (#500 to #549) can be input and output. 

(When the option for adding a common variable is specified, values 
from #500 to #999 can be input and output.) #100 to #149 can be 
output when bit 3 (PV5) of parameter No. 6001 is set to 1. (When the 
option for adding a common variable is specified, values from #100 to 
#199 can be input and output.) 
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8.1.7 — Inputting and Outputting Workpiece Coordinates System 
Data 


8.1.7.1 | Inputting workpiece coordinate system data 


Coordinate system variable data is loaded into the memory of the 
CNC from a memory card. The input format is the same as the 
output format. When coordinate system variable data with a data 
number corresponding to existing coordinate system variable data 
registered in the memory is loaded, the loaded coordinate system 
variable data replaces the existing coordinate system variable data. 


Inputting workpiece coordinate system data 


Procedure 
1 Make sure the input device is ready for reading. 
2 Press the EDIT switch on the machine operator’s panel. 
3 Press function key a to display the coordinate system 
variable screen. 
4 Press soft key [((OPRT)]. 
5 Press the rightmost soft key (=) (continuous menu key). 
6 Press soft key [READ]. 
7 Type the name of the file that you want to input. 


If the input file name is omitted, default input file name 
"EXT _WKZ.TXT" is assumed. 

8 Press soft key [EXEC]. 
This starts reading the workpiece coordinate system data, and 
"INPUT" blinks in the lower right part of the screen. When the 
read operation ends, the "INPUT" indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 
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8.1.7.2 Outputting workpiece coordinate system data 


Procedure 


All coordinate system variable data is output in the output format from 
the memory of the CNC to a memory card. 


Outputting workpiece coordinate system data 


NR 


ies) 


NADA 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key to display the coordinate system 


variable screen. 

Press soft key [((OPRT)]. 

Press the rightmost soft key (=) (continuous menu key). 

Press soft key [PUNCH]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "EXT WKZ.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the workpiece coordinate system data, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.8 


8.1.8.1 


Procedure 


OPERATION 8.DATA INPUT/OUTPUT 


inputting and Outputting Operation History Data 


Only output operation is permitted on operation history data. 

The output data is in text format. So, to reference the output data 
you must use an application that can handle text files on the personal 
computer. 


Outputting operation history data 


All operation history data is output in the output format form the 
memory of the CNC to a memory card. 


Outputting operation history data 


BRWNR WW NR 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


Press function key to display the operation history screen. 


Press soft key [((OPRT)]. 

Press the rightmost soft key (=) (continuous menu key). 

Press soft key [PUNCH]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "OPRT HIS.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the operation history data, and "OUTPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.7.9 — Inputting and Outputting Tool Management Data 


NOTE 
1 For multi-path systems, place all paths in the EDIT 
mode before performing input and output 


operations. 
2 The format used is the same as the registration 
format of the G10 format. 





8.1.9.1 Inputting tool management data 


Tool management data is loaded into the memory of the CNC from a 
memory card. The input format is the same as the output format. 
When tool management data with a data number corresponding to 
existing tool management data registered in the memory is loaded, the 
loaded tool management data replaces the existing tool management 
data. 


Inputting tool management data 


Procedure 
1 Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


Ww N 


Press function key | to display the tool management screen 


or magazine screen. 

Press soft key [((OPRT)]. 

Press soft key [READ]. 

Press soft key [TOOL]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 

"TOOL_MNG.TXTT" is assumed. 

8 Press soft key [EXEC]. 
This starts reading the tool management data, and "INPUT" blinks 
in the lower right part of the screen. When the read operation 
ends, the "INPUT" indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 


NADA 


NOTE 
When using large diameter tool support of the tool management 
function, keep the following in mind. 
- Ifa target tool is registered in a cartridge and interferes with 
other tools in registration or modification of tool figure data of 


the tool management data, PS alarm 5360 is issued. (The 
data is not input.) 

When restoring backup data in the state where all data 
related to the tool management function in the NC is cleared, 
restore tool figure data, tool management data, and cartridge 
management table data in this order. 
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8.1.9.2 


Procedure 


OPERATION 8.DATA INPUT/OUTPUT 


Outputting tool management data 


All tool management data is output in the output format from the 
memory of the CNC to a memory card. 


Outputting tool management data 


NOR 


NAD A 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key to display the tool management screen 


or magazine screen. 

Press soft key [((OPRT)]. 

Press soft key [PUNCH]. 

Press soft key [TOOL]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "TOOL _MNG.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the tool management data, and "OUTPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.9.3 


Procedure 
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Inputting magazine data 


Magazine data is loaded into the memory of the CNC from a memory 
card. The input format is the same as the output format. When 
magazine data with a data number corresponding to existing magazine 
data registered in the memory is loaded, the loaded magazine data 
replaces the existing magazine data. 


Inputting magazine data 


ies) 


NANDA 


Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key | to display the tool management screen 


or magazine screen. 

Press soft key [((OPRT)]. 

Press soft key [READ]. 

Press soft key [MAGAZINE]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 
"MAGAZINE.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the magazine data, and "INPUT" blinks in the 
lower right part of the screen. When the read operation ends, the 
"INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


NOTE 
When using large diameter tool support of the tool 
management function, keep the following in mind.. 
- Ifa tool interferes with other tools in registration 
in or modification to the cartridge management 
table, PS alarm 5360 is issued. (The data is not 


input.) 

When restoring backup data in the state where all 
data related to the tool management function in 
the NC is cleared, restore tool figure data, tool 
management data, and cartridge management 
table data in this order. 
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8.1.9.4 
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Outputting magazine data 


All magazine data is output in the output format from the memory of 
the CNC to a memory card. 


Outputting magazine data 


Procedure 


NOR 


ies) 


NYNMNA 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key to display the tool management screen 


or magazine screen. 

Press soft key [((OPRT)]. 

Press soft key [PUNCH]. 

Press soft key [MAGAZINE]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "MAGAZINE.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the magazine data, and "OUTPUT" blinks in 
the lower right part of the screen. When the read operation ends, 
the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.9.5 


Procedure 


OPERATION B-63944EN/02 


Inputting tool life status name data 


Tool life status name data is loaded into the memory of the CNC from 
a memory card. The input format is the same as the output format. 
When tool life status name data with a data number corresponding to 
existing tool life status name data registered in the memory is loaded, 
the loaded tool life status name data replaces the existing tool life 
status name data. 


Inputting tool life status name data 


NR 


iv) 


NYDN NA 


Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key to display the tool management screen 


or magazine screen. 

Press soft key [((OPRT)]. 

Press soft key [READ]. 

Press soft key [STATUS]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 
"STATUS.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the tool life status name data, and "INPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 
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8.1.9.6 


OPERATION 8.DATA INPUT/OUTPUT 


Outputting tool life status name data 


All tool life status name data is output in the output format from the 
memory of the CNC to a memory card. 


Outputting tool life status name data 


Procedure 


NO Re 


ies) 


NYNNA 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key to display the tool management screen 


or magazine screen. 

Press soft key [((OPRT)]. 

Press soft key [PUNCH]. 

Press soft key [STATUS]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "STATUS.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the tool life status name data, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.9.7 


OPERATION B-63944EN/02 


Inputting name data of customize data 


Procedure 


Name data of customize data is loaded into the memory of the CNC 
from a memory card. The input format is the same as the output 
format. When name data of customize data with a data number 
corresponding to existing name data of customize data registered in 
the memory is loaded, the loaded name data of customize data 
replaces the existing data. 


Inputting name data of customize data 


NO Re 


iv) 


NYDN NA 


Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


Press function key to display the tool management screen 


or magazine screen. 

Press soft key [(OPRT)]. 

Press soft key [READ]. 

Press soft key [CUSTOM]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 
"CUSTOMIZ.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the name data of customize data, and "INPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 
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8.1.9.8 


OPERATION 8.DATA INPUT/OUTPUT 


Outputting name data of customize data 


All name data of customize data is output in the output format from 
the memory of the CNC to a memory card. 


Outputting name data of customize data 


Procedure 


NOR 


ies) 


NYNMNA 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key to display the tool management screen 


or magazine screen. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Press soft key [CUSTOM]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "CUSTOMIZ.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the name data of customize data, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.9.9 


Procedure 


inputting customize data displayed as tool management data 


Customize data displayed as tool management data is loaded into the 
memory of the CNC from a memory card. The input format is the 
same as the output format. When customize data displayed as tool 
management data with a data number corresponding to existing 
customize data displayed as tool management data registered in the 
memory is loaded, the loaded customize data replaces the existing 
data. 


Inputting customize data 


Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


NR 


3. Press function key to display the tool management screen, 

magazine screen, or each tool data screen. 

Press soft key [(OPRT)]. 

Press soft key [READ]. 

Press soft key [CUSTOMIZE SCREEN]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 

"DISPCSTM.TXT" is assumed. 

8 Press soft key [EXEC]. 
This starts reading the customize data displayed as_ tool 
management data, and “INPUT” blinks in the lower right part of 
the screen. When the read operation ends, the "INPUT" 
indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 


NADA 
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8.1.9.10 Outputting customize data displayed as tool management 


Procedure 


data 


Customize data displayed as tool management data is output from the 
memory of the CNC to a memory card in the output format. 


Outputting customize data displayed as tool management data 


NO Re 


ADM A 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


Press function key to display the tool management screen, 
magazine screen, or each tool data screen. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Press soft key [CUSTOMIZE SCREEN]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "DISPCSTM.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the customize data displayed as tool 
management data, and “OUTPUT” blinks in the lower right part 
of the screen. When the read operation ends, the "OUTPUT" 
indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.9.11 


Procedure 


Inputting spindle waiting position name data 


Spindle waiting position name data is loaded into the memory of the 
CNC from a memory card. The input format is the same as the 
output format. When spindle waiting position name data with a data 
number corresponding to existing spindle waiting position name data 
registered in the memory is loaded, the loaded spindle waiting 
position name data replaces the existing data. 


Inputting spindle waiting position name data 


Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


NO Re 


3 Press function key a). 5 display the tool management screen, 
magazine screen, or each tool data screen. 
Press soft key [(OPRT)]. 
Press soft key [READ]. 
Press soft key [SPINDLE WAITING NAME]. 
Type the name of the file that you want to input. 
If the input file name is omitted, default input file name 
"POSNAME.TXT" is assumed. 
8 Press soft key [EXEC]. 
This starts reading the spindle waiting position name data, and 
“INPUT” blinks in the lower right part of the screen. When the 
read operation ends, the "INPUT" indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 


NADNDNA 


- 1064 - 


B-63944EN/02 


OPERATION 8.DATA INPUT/OUTPUT 


8.1.9.12 Outputting spindle waiting position name data 


Procedure 


Spindle waiting position name data is output from the memory of the 
CNC to a memory card in the output format. 


Outputting spindle waiting position name data 


NOR 


NADA 


Make sure the output device is ready for output. 

Press the EDIT switch on the machine operator’s panel. 

Press function key to display the tool management screen, 
magazine screen, or each tool data screen. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Press soft key [SPINDLE WAITING NAME]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "POSNAME.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the spindle waiting position name data 
display, and “OUTPUT” blinks in the lower right part of the 
screen. When the read operation ends, the "OUTPUT" 
indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Inputting decimal point position data of customize data 


Decimal point position data of customize data is loaded into the 
memory of the CNC from a memory card. The input format is the 
same as the output format. When decimal point position data of 
customize data with a data number corresponding to existing decimal 
point position data of customize data registered in the memory is 
loaded, the loaded decimal point position data of customize data 
replaces the existing data. 


Inputting decimal point position data of customize data 


NR 


ADA 


Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


Press function key to display the tool management screen, 
magazine screen, or each tool data screen. 

Press soft key [(OPRT)]. 

Press soft key [READ]. 

Press soft key [DECIMAL POINT DATA]. 

Type the name of the file that you want to input. 

If the input file name is omitted, default input file name 
"POINTPOS.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the decimal point position data of customize 
data, and “INPUT” blinks in the lower right part of the screen. 
When the read operation ends, the "INPUT" indication 
disappears. 

To cancel the input of the program, press soft key [CANCEL]. 
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8.1.9.14 Outputting decimal point position data of customize data 


Procedure 


Decimal point position data of customize data is output from the 
memory of the CNC to a memory card in the output format. 


Outputting decimal point position data of customize data 


NOR 


NADA 


Make sure the output device is ready for output. 

Press the EDIT switch on the machine operator’s panel. 

Press function key to display the tool management screen, 
magazine screen, or each tool data screen. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Press soft key [DECIMAL POINT DATA]. 

Type the file name that you want to output. 

If the file name is omitted, default file name "POINTPOS.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the decimal point position data of 
customize data, and "OUTPUT" blinks in the lower right part of 
the screen. When the read operation ends, the "OUTPUT" 
indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.1.9.15 Inputting tool geometry data 


Tool geometry data is loaded into the memory of the CNC from a 
memory card. The input format is the same as the output format. 
When tool geometry data with a data number corresponding to 
existing tool geometry data registered in the memory is loaded, the 
loaded tool geometry data replaces the existing data. 


Inputting tool geometry data 


Procedure 
1 + Make sure the input device is ready for reading. 
Press the EDIT switch on the machine operator’s panel. 


3 __- Press function key to display the tool management screen, 
magazine screen, each tool data screen, or tool geometry data 
screen. 
Press soft key [(OPRT)]. 
Press soft key [READ]. 
Press soft key [TOOL GEOMETRY DATA]. 
Type the name of the file that you want to input. 
If the input file name is omitted, default input file name 
"TOOLGEOM.TXT" is assumed. 
8 Press soft key [EXEC]. 
This starts reading the tool geometry data, and “INPUT” blinks 
in the lower right part of the screen. When the read operation 
ends, the "INPUT" indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 


NADA 


NOTE 

1 If the tool with a number of tool geometry data to be 
changed is registered to the magazine when an 
attempt is made to change the tool geometry data, 
an alarm (PS5360) is issued. (The data is not 


input.) 

2 After data related to the tool management functions 
in the NC has all been cleared, restore backup data 
in the following order: Tool geometry data, tool 
management data, and magazine management 
table. 
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8.1.9.16 Outputting tool geometry data 


Procedure 


Tool geometry data is output from the memory of the CNC to a 
memory card in the output format. 


Outputting tool geometry data 


NOR 


NADA 


Make sure the output device is ready for output. 
Press the EDIT switch on the machine operator’s panel. 


OFFSET. 


Press function key to display the tool management screen, 


magazine screen, each tool data screen, or tool geometry data 
screen. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Press soft key [TOOL GEOMETRY DATA]. 

Type the file name that you want to output. 

If the file name is omitted, default file mame 
"TOOLGEOM.TXT" is assumed. 

Press soft key [EXEC]. 

This starts outputting the tool geometry data, and "OUTPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.2 INPUT/OUTPUT ON THE ALL IO SCREEN 


Just by using the ALL IO screen, you can input and output programs, 
parameters, offset data, pitch error compensation data, macro variables, 
workpiece coordinate system data, operation history data, and tool 
management data. 


The following explains how to display the ALL IO screen: 


Displaying the ALL IO screen 
Procedure 
1 Press function key ; 


2 Press the rightmost soft key (=) (continuous menu key) several 


times. 
3 Press soft key [ALL IO] to display the ALL IO screen. 


The subsequent steps to select data from the ALL IO screen will be 
explained for each type of data. 
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Inputting/Outputting a Program 


Procedure 


Procedure 


A program can be input and output using the ALL IO screen. 


Inputting a program 


aABWN Re 


Press soft key [PRGRM] on the ALL IO screen. 

Select EDIT mode. 

Press soft key [((OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default file name 
"ALL-PROG.TXT" is assumed. 

Set the program number to be used after the input. 

Type a program number, and press soft key [0 SET]. 

If the program number is omitted, the program number in the file 
is used directly. 

Press soft key [EXEC]. 

This starts reading the program, and "INPUT" blinks in the lower 
right part of the screen. When the read operation ends, the 
"INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


Outputting a program 


A BWN Re 


Press soft key [PRGRM] on the ALL IO screen. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the program that you want to output. 

Type a program number, and press soft key [0 SET]. 

If -9999 is typed, all programs in the memory are output. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

When no file name is set, the output file name is assumed to be 
"O-number.TXT" if a single program number is specified; if 
-9999 is specified, the output file name is assumed to be 
"ALL-PROG.TXT". 

Press soft key [EXEC]. 

This starts outputting the program, and "OUTPUT" blinks in the 
lower right part of the screen. When the read operation ends, the 
"OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Procedure 
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Inputting and Outputting Parameters 


Parameters can be input and output using the ALL IO screen. 


Inputting parameters 


ies) 


AANDNAA 


10 


11 
12 


13 


Press function key . 

Press soft key [SETTING]. 

Enter 1 in response to the prompt for “PARAMETER WRITE” 
in setting data. Alarm SW0100 appears. 

Press soft key [PARAM] on the ALL IO screen. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 
"CNC-PARA.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the parameter, and "INPUT" blinks in the 
lower right part of the screen. When the read operation ends, 
the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


OFFSET 


Press function key |r} . 


Press the chapter selection soft key [SETTING]. 

Enter 0 in response to the prompt for “PARAMETER WRITE” 
in setting data. 

Turn the power to the CNC back on. 


Outputting parameters 


nA BWN Re 


Press soft key [PARAM] on the ALL IO screen. 

Select EDIT mode. 

Press soft key [((OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "CNC-PARA.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the program, and “OUTPUT” blinks in the 
lower right part of the screen. When the read operation ends, 
the “OUTPUT” indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Inputting and Outputting Offset Data 


Offset data can be input and output using the ALL IO screen. 


Inputting offset data 


ABWN eR 


Press soft key [OFFSET] on the ALL IO screen. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 
"TOOLOFST.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the offset data, and "INPUT" blinks in the 
lower right part of the screen. When the read operation ends, 
the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


Outputting offset data 


aA BWN eR 


Press soft key [OFFSET] on the ALL IO screen. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name 'TOOLOFST.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the offset data, and "OUTPUT" blinks in 
the lower right part of the screen. When the read operation ends, 
the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Inputting/Outputting Pitch Error Compensation Data 


Pitch error compensation data can be input and output using the ALL 
IO screen. 


Inputting pitch error compensation data 


Procedure 


OAANN 


10 


11 


12 
13 


14 


Press function key ; 


Press soft key [SETTING]. 

Enter 1 in response to the prompt for "PARAMETER WRITE" in 
setting data. Alarm SW0100 appears. 

Press the rightmost soft key eS (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [PITCH]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 
"PITCH.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the pitch error compensation data, and 
"INPUT" blinks in the lower right part of the screen. When the 
read operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


OFFSET. 


Press function key Sie] . 


Press the chapter selection soft key [SETTING]. 

Enter 0 in response to the prompt for “PARAMETER WRITE” in 
setting data. 

Turn the power to the CNC back on. 
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Outputting pitch error compensation data 


NNnKBWN 


Press the rightmost soft key (=) (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [PITCH]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "PITCH.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the pitch error compensation data, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Inputting/Outputting Custom Macro Common Variables 


Custom macro common variables can be input and output using the 
ALL IO screen. 


Inputting custom macro common variables 


ABWN eR 


Press soft key [MACRO] on the ALL IO screen. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 
"MACRO.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the custom macro common variables, and 
"INPUT" blinks in the lower right part of the screen. When the 
read operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


Outputting custom macro common variables 


nA BWN Re 


Press soft key [MACRO] on the ALL IO screen. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "MACRO.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the custom macro common variables, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Inputting and Outputting Workpiece Coordinates System 


Data 


Workpiece coordinates system data can be input and output using the 
ALL IO screen. 


Inputting workpiece coordinate system data 


NNnBWN 


Press the rightmost soft key (=) (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [WORK]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 
"EXT_WKZ.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the workpiece coordinate system data, and 
"INPUT" blinks in the lower right part of the screen. When the 
read operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


Outputting workpiece coordinate system data 


NnBWN 


Press the rightmost soft key (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [WORK]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "EXT WKZ.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the workpiece coordinate system data, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 


- 1077 - 


8.DATA INPUT/OUTPUT 


8.2.7 


Procedure 


OPERATION B-63944EN/02 


Inputting and Outputting Operation History Data 


Operation history data can be output using the ALL IO screen. 

Only output operation is permitted for operation history data. 

The output data is in text format. So, to reference the output data 
you must use an application that can handle text files on the personal 
computer. 


Outputting operation history data 


NNnNBWN 


Press the rightmost soft key [=] (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [OPEHIS]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "OPRT_ HIS.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the operation history data, and "OUTPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Inputting and Outputting Tool Management Data 


Tool management data can be input and output using the ALL IO 
screen. 


NOTE 
1 For multi-path systems, place all paths in the EDIT 
mode before performing input and output 


operations. 
2 The format used is the same as the registration 
format of the G10 format. 





Inputting tool management data 


1 Press the rightmost soft key (continuous menu key) 

several times on the ALL IO screen. 

Press soft key [TOOL]. 

Select EDIT mode. 

Press soft key [((OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 

"TOOL_MNG.TXT" is assumed. 

7 Press soft key [EXEC]. 
This starts reading the tool management data, and "INPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "INPUT" indication disappears. 
To cancel the input of the program, press soft key [CANCEL]. 


NnBWN 


Outputting tool management data 


1 Press the rightmost soft key [=] (continuous menu key) 

several times on the ALL IO screen. 

Press soft key [TOOL]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "TOOL _MNG.TXT" 

is assumed. 

7 ~ Press soft key [EXEC]. 
This starts outputting the tool management data, and "OUTPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "OUTPUT" indication disappears. 
To cancel the output, press soft key [CANCEL]. 


NNnBWN 
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Inputting magazine data 


NNnKBWN 


Press the rightmost soft key (=) (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [MAGAZINE]. 

Select EDIT mode. 

Press soft key [((OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 
"MAGAZINE.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the magazine data, and "INPUT" blinks in the 
lower right part of the screen. When the read operation ends, 
the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


Outputting magazine data 


NNnNKBWN 


Press the rightmost soft key (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [MAGAZINE]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "MAGAZINE.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the magazine data, and "OUTPUT" blinks 
in the lower right part of the screen. When the read operation 
ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Inputting tool life status name data 


NNnNKBWN 


Press the rightmost soft key (=) (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [STATUS]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 
"STATUS.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the tool life status name data, and "INPUT" 
blinks in the lower right part of the screen. When the read 
operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


Outputting tool life status name data 


NNnNKBWN 


Press the rightmost soft key (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [STATUS]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "STATUS.TXT" is 
assumed. 

Press soft key [EXEC]. 

This starts outputting the tool life status name data, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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Inputting name data of customize data 


NNnNKBWN 


Press the rightmost soft key (=) (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [CUSTOM]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [N READ]. 

Set the name of the file that you want to input. 

Type a file name, and press soft key [F NAME]. 

If the input file name is omitted, default input file name 
"CUSTOMIZ.TXT" is assumed. 

Press soft key [EXEC]. 

This starts reading the name data of customize data, and 
"INPUT" blinks in the lower right part of the screen. When the 
read operation ends, the "INPUT" indication disappears. 

To cancel the input of the program, press soft key [CANCEL]. 


Outputting name data of customize data 


NNnNKBWN 


Press the rightmost soft key (continuous menu key) 
several times on the ALL IO screen. 

Press soft key [CUSTOM]. 

Select EDIT mode. 

Press soft key [(OPRT)]. 

Press soft key [PUNCH]. 

Set the file name to be output. 

Type a file name, and press soft key [F NAME]. 

If the file name is omitted, default file name "CUSTOMIZ.TXT" 
is assumed. 

Press soft key [EXEC]. 

This starts outputting the name data of customize data, and 
"OUTPUT" blinks in the lower right part of the screen. When 
the read operation ends, the "OUTPUT" indication disappears. 

To cancel the output, press soft key [CANCEL]. 
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8.2.9 File Format and Error Messages 


Explanation 
- File format 


Limitation 
- Memory card specification 


- Attribute memory 


- Flash ROM card 


All files that are read from and written to a memory card are of text 
format. The format is described below. 
A file starts with % or LF, followed by the actual data. A file always 
ends with %. In a read operation, data between the first % and the 
next LF is skipped. Each block ends with an LF, not a semicolon (;). 
e LF: 0A (hexadecimal) of ASCII code 
e When a file containing lowercase letters, kana characters, and 
several special characters (such as $, \, and !) is read, those letters 
and characters are ignored. 
Example) 
% 
00001(MEMORY CARD SAMPLE FILE) 
G17 G49 G97 
G92 X-11.3 Y2.33 


M30 
% 
e ASCII code is used for input/output, regardless of the setting 
parameter (ISO/EIA). 
e Bit 3 of parameter No. 0100 can be used to specify whether the 
end of block code (EOB) is output as "LF" only, or as "LF, CR, 
CR." 


Use memory cards that comply with PCMCIA Ver2.0 or JEIDA 
Ver4.1. 


Memory cards that have no attribute memory or contain no device 
information in the attribute memory cannot be used. 


Flash ROM cards can be used for loading only. 
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8.3 
8.3.1 


Procedure 


EMBEDDED ETHERNET OPERATIONS 


FTP File Transfer Function 
The operation of the FTP file transfer function is described below. 


Host file list display 


A list of the files held on the host computer is displayed. 


Press the function key : 


2 Press the [FOLDER] soft key. The program list screen appears. 
(If the soft key does not appear, press the continuous menu key.) 

3. __- Press the [((OPRT)] soft key. 

4 Press the [DEVICE CHANGE] soft key. And the displayed 
device will be changed. Until the host file list screen appears, 
press the key a few times. 


EMBED ETHERNET HOST FILE LIST 00123 NOOOGBD 
DEVICE —MB PORT 


CONNECT HOST 4 : HOST NAME ENTRY PROG NUM 99999 
OST FILE LIST 







€ CURRENT FOLDER: /NCPROGRAM/CYLINDER/MACHINEG@1 > 





1 [PAGE] 2003/85/15 14:38: 
0218 1 [PAGE] 2003/85/15 16:87: 
0123 1 [PAGE] 2003/05/23 89:36: 
1 [PAGE] 2003/05/23 69:25: 





A> 


MEM STOP *** **+ 12:06:66} PATH1 


DETAIL CREATE | DELETE REFRES 
ON FOLDER H 


Fig. 8.3.1 (a) Embedded Ethernet host file list screen 
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Display item 


DEVICE 


CONNECT HOST 


ENTRY PROG NUM 


CURRENT FOLDER 


FILE LIST 


OPERATION 8.DATA INPUT/OUTPUT 


NOTE 
1 When using the FTP file transfer function, check 
that the valid device is the embedded Ethernet port. 
The two conditions below determine a connection 
destination on the host file list screen: 
(1)Check that the valid device is the embedded 
Ethernet port. Make a selection in "DEVICE 


SELECTION" on the Ethernet setting screen. 
(2)A host computer can be selected from 
connection destinations 1, 2, and 3. Make a 
selection according to the [HOST] soft key 
described later. 
File names including kanji, hiragana, and katakana 
characters cannot be displayed correctly. 





5 When a list of files is larger than one page, the screen display can 


be switched using the page keys Fil 


6 Press the [REFRESH] soft key to update the screen display. 

7 Press the [DETAIL OFF] soft key to display the host file list (file 
names only) screen. Press the [DETAIL ON] to display the host 
file list (detail) screen. 

8 When selecting a folder with cursor and pressing the MDI key 


, the selected folder is changed to the new current folder. 


"EMBED" or "PCMCIA" is displayed. 


The currently selected connection host number and host name are 
displayed. 


The number of files registered in the work folder of the connected host 
is displayed. Up to 8 digits can be displayed. 


The current folder name of the connected host is displayed. 
If the folder-path is long compared with the display-item, characters: 
“.,.” and only the last ten letters of the folder name are displayed. 


There is no distinction between file names and folder names. 
Although the maximum number of displayed characters is 127, 
characters are displayed as far as they can be displayed in one line. 
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Operation list 


DETAIL ON, DETAIL OFF 


The screen display can be switched between the display of file names 
only and the display of details. 


REFRESH 
Display data can be updated. 

READ 
A file can be input from the host computer to the part program storage 
memory of the CNC. This item is displayed only when 9 is set as the 
I/O device number of the CNC. 

PUNCH 


A file can be output from the part program storage memory of the 
CNC to the host computer. This item is displayed only when 9 is set 
as the I/O device number of the CNC. 


DELETE FILE 


A file can be deleted from the host computer. 


RENAME 


A file or folder on the host computer can be renamed. 


DELETE FOLDER 


A folder can be deleted from the host computer. 


CREATE FOLDER 


A folder can be created on the host computer. 


HOST 


The connected host can be changed. 
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Procedure 


Procedure 


NC program input 


OPERATION 8.DATA INPUT/OUTPUT 


A file (NC program) stored on the host computer can be input into the 
part program storage memory. 


NnBWN 


Display the embedded Ethernet host file list screen. 

Place the CNC in the EDIT mode. 

Select a file to be input, with the cursor. 

Press the [READ] soft key. 

Press the [EXEC] soft key. 

During input, "INPUT" blinks in the lower-right corner of the 
screen. 


NC program output 


A file (NC program) stored in the part program storage memory can 
be output to the host computer. 


NnBWN 


Display the embedded Ethernet host file list screen. 

Place the CNC in the EDIT mode. 

Through the MDI keyboard, enter an NC program to be output. 
Press the [PUNCH] soft key. 

Press the [EXEC] soft key. 

During output, "OUTPUT" blinks in the lower-right comer of the 
screen. 
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CREATING PROGRAMS 





This chapter explains how to create programs by MDI of the CNC. 
This chapter also explains automatic insertion of sequence numbers. 


Creation/registration 


Program creation Creating programs using MDI panel See Ill-9.1 


Automatic insertion of sequence numbers See III-9.2 
Creating programs in TEACH IN mode See III-9.3 


Program 


Registration from external input See IlI-8.1.1 
registration 


Editing 
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9.1 


Explanation 


- Comments in a program 


OPERATION 9.CREATING PROGRAMS 


CREATING PROGRAMS USING THE MDI PANEL 


Programs can be created in the EDIT mode using the program editing 
functions described in I-10. 


Procedure for Creating Programs Using the MDI Panel 


Enter the EDIT mode. 
Press the key. 


Press address key [o] and enter the program number. 


Press the key. 


Create a program using the program editing functions described 
in III-10. 


Comments can be written in a program using the control in/out codes. 
Example) 00001 (TEST PROGRAM) ; 


M08 (COOLANT ON) ; 
When the sen key is pressed after the control-out code "(", 


comments, and control-in code ")" have been typed, the typed 
comments are registered. 


When the key is pressed midway through comments, to 
enter the rest of comments later, the data typed before the 
key is pressed may not be correctly registered (not entered, 


modified, or lost) because the data is subject to an entry check 
which is performed in normal editing. 

Note the following to enter a comment: 

-  Control-in code ")" cannot be registered by itself. 


- Comments entered after the key is pressed must not 


begin with a number, space, or address O. 

- If an abbreviation for a macro is entered, the abbreviation is 
converted into a macro word and registered (see Section 
Il-10.7). 

- Address O and subsequent numbers, or a space can be 
entered but are omitted when registered. 
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9.2 


Procedure 
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AUTOMATIC INSERTION OF SEQUENCE NUMBERS 


Sequence numbers can be automatically inserted in each block when a 
program is created using the MDI keys in the EDIT mode. 
Set the increment for sequence numbers in parameter No. 3216. 


Procedure for automatic insertion of sequence numbers 


onan wm 


Enter 1 in response to the prompt for "SEQUENCE NO." in 
setting data. (see III-12.3.1). 
Enter the EDIT mode. 


Press to display the program screen. 


Search for or register the number of a program to be edited and 
move the cursor to the EOB (;) of the block after which 
automatic insertion of sequence numbers is started. 

When a program number is registered and an EOB (;) is entered 


with the key, sequence numbers are automatically 


inserted starting with 0. Change the initial value, if required, 
according to step 10, then skip to step 7. 


Press address key | N | and enter the initial value of N. 


Press ; 


Enter each word of a block. 


Press F 
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Press nse) The EOB is registered in memory and sequence 


numbers are automatically inserted. For example, if the initial 
value of N is 10 and the parameter for the increment is set to 2, 
N12 inserted and displayed below the line where a new block is 
specified. 


00123 NOOO00 





e In the example above, if N12 is not necessary in the next 


block, pressing the key after N12 is displayed deletes 


N12. 
e To insert N100 in the next block instead of N12, enter N100 


and press after N12 is displayed. N100 is registered 


and initial value is changed to 100. 
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9.3 CREATING PROGRAMS IN TEACH IN MODE 
(PLAYBACK) 


In the TEACH IN JOG or TEACH IN HANDLE mode, you can create 
a program while inserting the coordinate of the current position along 
each axis in the absolute coordinate system when the tool is moved by 
manual operation into the program. 

You can input the words other than axis names in the same way as in 
the EDIT mode. 


Program screen in the TEACH IN JOG mode 


Displayed items 
In the TEACH IN JOG or TEACH IN HANDLE MODE, the 
following program screen is displayed. 
On the left of the screen, the coordinates of the current position in the 
absolute and relative coordinate systems are displayed; on the right of 
the screen, the contents of a program are displayed. You can create a 
program while checking the current position by manual operation. 


PROGRAM 01234 NOUOOOBD 





ABSOLUTE RELATIVE (08123 ; A 
x 3.625 x 3.625 G92 X18886 Y6 219808 ; 
Y 23. 723 Y 23.723 G88 GIB X3825 
2 8.325 2 —-8. 325 G61 2-325 F308 ; 


IMa2 ; 
i 





3 


A> 


TJOG STOP *** *** 12:66:88 


PROGRM | LINE SELECT | PASTE REPLCE T L 
SEARCH | SEARCH SEARCH | SEARCH 


Fig. 9.3 (a) Program screen in the TEACH IN JOG mode 
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Inputting the coordinates of the current position 
You can use the following procedure to insert the coordinate of the 
current position along each axis in the absolute coordinate system: 


1 Select the TEACH IN JOG mode or TEACH IN HANDLE 
mode. 


2 Press key to display the program screen. Search for or 


register the number of a program to be edited and move the 

cursor to the position where the current position along each axis 

is to be inserted. 

Move the tool to the desired position with jog or handle. 

4 Key in the axis name of an axis along which you want to insert 
the coordinate of the current position. 


ww 


5 Press_ the sem] key. Then, the coordinate of the current 


position along the specified axis is inserted in the program. 
(Example) X10.521 Coordinate of the current position 
X10521 Data inserted in the program 


Example 


01234 ; 

G92 X10000 YO Z10000 ; 
G00 G90 X3025 Y23723 ; 
G01 Z-325 F300 ; 

MO2 ; 


1 
(3.025, 23.723, 10.0) 


(10.0, 0, 10.0) 


(3.025, 23.723, -0.325) 
P2 





Select the TEACH IN HANDLE mode. 

Make positioning at position PO by the manual pulse generator. 
Select the program screen. 

Enter program number 01234 as follows: 


Lo}[+Jl2}ls Ja J bes 


This operation input program number 01234 in memory. 
Next, press the following keys: 


BRWN rR 


EOB INSERT 


An EOB (.) is entered after program number 01234. 
5 Enter the PO machine position for data of the first block as 
follows: 


Sales essa 
Biss 


This operation registers G92X10000Y0Z10000; in program. 
6 Position the tool at P1 with the manual pulse generator. 
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7 Enter the Pl machine position for data of the second block as 
follows: 


Bidiqigioinls 
De eI) Ee 


This operation input GO0G90X3025Z23723; in program. 

8 Position the tool at P2 with the manual pulse generator. 

9 Enter the P2 machine position for data of the third block as 
follows: 


Bigialaaalaleloec 
ac 


This operation input GO1Z -325F300; in program. 
10 Input M02; in program as follows: 


Migs 


This completes the registration of the sample program. 


- Registering a position with compensation 


When an axis name and a numeric value are keyed in and the 


key is pressed, the value keyed in is added to the absolute coordinate 
of the current position and the coordinate is inserted. This operation 
allows insertion of a corrected value for the absolute coordinate 
position. 

When an extended axis name is used and the name ends with a 
numeric value, insert an equal sign (=) between the axis name and 
numeric value. 


- Registering commands other than position commands 


- Calculator-type input 


Commands to be entered before and after a position command must be 
entered before and after the machine position is registered, by using 
the same operation as program editing in EDIT mode. 


When the calculator-type input format is disabled (bit 0 (DPI) of 
parameter No. 3401 is set to 0), the coordinate of the current position 
is inserted into the program in least input increments. When the 
calculator-type input format is enabled (the bit is set to 1), the 
coordinate is inserted with a decimal point. 


(Example) 
Coordinate of the current position X10.521 
At this time, the X-axis coordinate is inserted into the program as 
follows: 


When the calculator-type input format is disabled 10521 
When the calculator-type input format is enabled 10.521 
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EDITING PROGRAMS 








Search for part of 
program to be 








Inserting, altering, 
and deleting 
programs 














This chapter describes how to edit programs registered in the CNC. 
Editing includes the insertion, modification, and deletion of words. 
Editing also includes deletion of the entire program and automatic 
insertion of sequence numbers. In addition, PC-like program text copy 
and move operations are possible. This chapter also describes program 
search, sequence number search, word search, and address search, 
which are performed before editing the program. 


Creation and 
registration 
Editing 


Program search See III-10.4. 
Sequence number search See III-10.5. 
Word search See III-10.2.1. 

See III-10.2.1. 


Inserting, altering, and deleting a word See III-10.2.3 to 10.2.5. 
Deleting blocks See III-10.3. 
Deleting programs .... See Ill-10.6. 
Editing characters See III-10.9. 
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10.7 _ EDIT DISABLE ATTRIBUTE 


Before a program can be edited, the edit disable attribute must be 
removed. 

The edit disable attribute can be set for each program and folder. 
Programs with the edit disable attribute and programs in folders with 
the edit disable attribute cannot be edited. 


Procedure for removing the edit disable attribute 


Select EDIT mode. 
2 Press the function key. 


3. Move the cursor to the program or folder from which you want to 
remove the edit disable attribute. 
4 Press the [EDIT ENABLE] soft key. 


CAUTION 
1 After completing editing, set the edit disable 
attribute as necessary. 


2 To set the edit disable attribute, follow the same 
procedure as for removing the attribute. 
In the last step, press the [EDIT DISABL] soft key. 





- 1096 - 


B-63944EN/02 OPERATION 10.EDITING PROGRAMS 


10.2 INSERTING, ALTERING AND DELETING A WORD 


This section outlines the procedure for inserting, altering, and deleting 
a word in a program registered in memory. 


Procedure for inserting, altering and deleting a word 


Select EDIT mode. 
2 Press function Key pros] : 


3. Select a program to be edited. 
If a program to be edited is selected, perform the operation 4. 
If a program to be edited is not selected, search for the program 
number. 

4 Search for a word to be modified. 
e Scan method 
e Word search method 

5 Perform an operation such as altering, inserting, or deleting a 
word. 


Explanation 
- Concept of word and editing unit 

A word is an address followed by a number. With a custom macro, 

the concept of word is ambiguous. 

So the editing unit is considered here. 

The editing unit is a unit subject to alteration or deletion in one 

operation. In one scan operation, the cursor indicates the start of an 

editing unit. 

An insertion is made after an editing unit. 

Definition of editing unit 

e Program portion from an address to immediately before the next 
address 

e An address is an alphabet, IF, WHILE, GOTO, END, DO=, or ; 
(EOB). 

According to this definition, a word is an editing unit. 

The word "word," when used in the description of editing, means an 

editing unit according to the precise definition. 


/A\ WARNING 
When a change, insertion, or deletion was performed 
on data of a program by pausing machining with the 
single block stop, feed hold, or other operations during 
execution of a program, be sure to return the cursor to 


the original position before restarting the program. 

To execute the program with the cursor positioned at 
another position, be sure to make a reset. 

Otherwise, the program may not be executed as 
expected from the program shown on the screen after 
machining restarts. 
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10.2.1 Word Search 


A word can be searched for by merely moving the cursor through the 
text (scanning), by word search, or by address search. 


Procedure for scanning a program 


1 Press the cursor key [>]. 


The cursor moves forward word by word on the screen; the 
cursor is displayed at a selected word. 


2 Press the cursor key 


The cursor moves backward word by word on the screen; the 
cursor is displayed at a selected word. 
Example: Scanning Z1250.0 


ali OVOGS5B NOOOOG 


A 











3. Holding down the cursor key [| or [+] scans words 


continuously. 
4 The first word of the next block is searched for when the cursor 


key [+ | is pressed. 
5 The first word of the previous block is searched for when the 


cursor key [ + | is pressed. 


6 Holding down the cursor key [+ | or [+ | moves the cursor 
to the head of a block continuously. 

7 ~~ Pressing the page key displays the next page and searches 
for the first word of the page. 

8 Pressing the page key displays the previous page and 
searches for the first word of the page. 

9 Holding down the page key or displays one page 
after another. 
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Procedure for searching a word 


Example of searching for $12 


oe OVO8S5B NOOOOG 


for/scanned currently. 
$12 is searched for. 












Press soft key a 


2 Key in address 


3. Keyin 


e $12 cannot be searched for if only S1 is keyed in. 
e $09 cannot be searched for by keying in only S9. 
To search for S09, be sure to key in S09. 

4 Pressing soft key [1 SEARCH] starts searching forward from the 
cursor position. Pressing [* SEARCH] starts searching 
backward. 

5 To search for the same word successively, press [Y SEARCH] or 
[? SEARCH]. 


Procedure for searching an address 


Example of searching for M03 


eae OVO8S5B NOOOOG 


N0O1234 is being searched + 
for/scanned currently. 










MO3 is searched for. 





Pressing the [SRCH] key 


2 Key in address 


3 Pressing soft key [YJ SEARCH] starts searching forward from the 
cursor position. Pressing [* SEARCH] starts searching 
backward. 

4 To search for the same word successively, press [/ SEARCH] or 
[? SEARCH]. 
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10.2.2 Heading a Program 


The cursor can be jumped to the top of a program. This function is 
called heading the program pointer. This section describes the four 
methods for heading the program pointer. 


Procedure for heading a program 


Method 1 1 Press when the program screen is selected in EDIT mode. 


When the cursor has returned to the start of the program, the contents 
of the program are displayed from its start on the screen. 


Method 2 1 Search for the program number. 
When the program screen is selected in MEMORY or EDIT mode, 
enter a program number or program name. 


When entering a program number, press address key [o| then type 


the program number. 
2 Press soft key [PROGRMSEARCH]. 


Method 3 1 Select the program screen or program check screen in MEMORY 
mode. 
Press soft key [((OPRT)]. 
Press soft key [REWIND]. 
Method 4 1 Select the program screen in EDIT mode. 
2 Press soft key [((OPRT)]. 
3. Press soft key [LINE SEARCH]. 
4 Press soft key [TOP]. 
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Inserting a Word 


OPERATION 10.EDITING PROGRAMS 


Procedure for inserting a word 


KR WwW 


Search for or scan the word immediately before a word to be 
inserted. 

Key in an address to be inserted. 

Key in data. 


Press the sen key. 


Example of Inserting T15 


1 


Search for or scan Z1250. 











IPROGRAM 


OVOG5B NOOOOG 


Z1250.0 is searched 
for/scanned. 


2  Keyin [t}[4)[5]. 


3 


Press the 


key. 





IPROGRAM 





“a 





oaaeeeese : 

ING1234 X108.@ 21250.8 T15 : 
S12 ; 

INS6789 Mas ; 

Maz ; 





OVOG5B NOOOOA 


T15 is inserted. 
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10.2.4 Altering a Word 
Procedure for altering a word 


Search for or scan a word to be altered. 
Key in an address to be inserted. 
Key in data. 


BR WNre 


Press the key. 
Example of changing T15 to M15 


1 Search for or scan T15. 
IPROGRAM 





ioaeeeGesa ; 


OVO8S5B NOOOOG 





IN@1234 X108.6 21258.6 T15 ; T15 is searched 
S12 ; 


farlenannad 
IN56789 MBS ; 





2 Key in (m |{4 |[5 J. 


3. Press the key. 


PROGRAM 











(oeeeeGese : 


OVO85B NOOOOG 
IN@1234 X10. 21258.8 M15 ; i 


T15 is changed to M15. 
S12 ; 
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10.2.5 Deleting a Word 


Procedure for deleting a word 


1 Search for or scan a word to be deleted. 


2 Press the see] key. 


Example of deleting X100.0 


1 Search for or scan X100.0. 


PROGRAM 


OVOGS5B NOOOOG 


IN@1234 X108.@ 21258.8 M15 : 





X100.0 is searched 
for/scanned. 








2 Press the key. 


PROGRAM 


OVOGS5B NOOOOG 
woiad 21250.0 M15 








A 
X100.0 is deleted. 
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10.3 DELETING BLOCKS 


A block or blocks can be deleted in a program. 


10.3.1 Deleting a Block 


The portion from the current word position to the next EOB is deleted. 
The cursor is then placed in the word next to the deleted EOB. 


Procedure for deleting a block 


1 Search for or scan address N for a block to be deleted. 


2 ‘Press the key. 


3 Press the editing key : 


Example of deleting a block of N01234 
1 Search for or scan NO1234. 





oaseegese : < N01234 is searched 
N@1234 21258.6 M15 ; for/scanned. 

Si2 ; 

N@5678 MBS : 
M@2 ; 

% 


2 Press the key. 


3 Press the editing key . 














0668686856 ; 





3 Block containing N01234 
N@5678 NGS ; has been deleted. 

M@2 ; 

me 
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10.3.2 Deleting Multiple Blocks 


The several blocks in the forward direction from the current word 
position up to the EOB of the farthest of those blocks are deleted. 
The cursor is then placed in the word next to the deleted EOB. 


Procedure for deleting blocks 


1 Search for or scan a word in the first block of a portion to be 
deleted. 


2 Press the key as many times as the number of blocks that 
you want to delete. 
3 Press the editing key : 


Example of deleting blocks from N01234 to the EOB of a block which 
is two blocks ahead 


1 Search for or scan N0O1234. 





ee M15 ; <——+—__ 0124 is searched 


S12: for/scanned. 
N@5678 MBS ; 
M@2 ; 

Be 


2 Press [coe]. 


3 __~ Press the editing key : 














066688856 ; 
N5678 M@3 ; Blocks from N01234 
= 3 to the EOB of a block 
3 which is two blocks 
ahead are deleted 
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10.4 PROGRAM SEARCH 


When memory holds multiple programs, a program can be searched 
for. There are three methods as follows. 


Procedure for program search 
Method 1 1 Select EDIT or MEMORY mode. 


2 Press rroo| to display the program screen. 
3. Enter a program number or program name. When entering a 
program number, press address key then type the program 


number. 
4 Press soft key [PROGRMSEARCH]. 
6 Upon completion of search operation, the program number searched 
for is displayed in the upper-right corner of the screen 
If the program is not found , alarm PS0071 occurs. 
Select EDIT or MEMORY mode. 


Press to display the program screen. 


Press soft key [PROGRMSEARCH]. 
Then, press soft key [PREV PROGRM] or [NEXT PROGRM]. 
Pressing [PREV PROGRM] searches for the previous program on the 
folder, and pressing [NEXT PROGRM| searches for the next program. 
Method 3 This method searches for the program number (0001 to 0031) 
corresponding to a signal on the machine tool side to start automatic 
operation. Refer to the relevant manual prepared by the machine tool 
builder for detailed information on operation. 
1 Select MEMORY mode. 
2 Set the reset state. 

e The reset state is the state where the LED for indicating that 
automatic operation is in progress is off. (Refer to the relevant 
manual of the machine tool builder.) 

3. Set the program number selection signal on the machine tool side to a 

number from 01 to 31. 

4 Press the cycle start button. 
e When the signal on the machine tool side represents 00, program 
number search operation is not performed. 
e If the program corresponding to a signal on the machine tool side 
is not registered, alarm DS0059 is raised. 


Method 2 


BW N Fe 
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OPERATION 10.EDITING PROGRAMS 


SEQUENCE NUMBER SEARCH 





Procedure 


Sequence number search operation is usually used to search for a 
sequence number in the middle of a program so that execution can be 
started or restarted at the block of the sequence number. 


Example) 
Sequence number 02346 in a program (00002) is searched for. 





PROGRAM 

00001 ; 

N01234 X100.0 2100.0 ; 

$12; 
sitsononn "SBE ano rge: | este en 
Target sequence —> Noes ees, (Search operation is 
number is found. 00003 ; performed only within a 

: program.) 








Procedure for sequence number search 


Select MEMORY mode. 
2 Press ROG rrog} 


If the program contains a sequence number to be searched for, 
perform the operations 4 to 7 below. 

If the program does not contain a sequence number to be 
searched for, select the program number of the program that 
contains the sequence number to be searched for. 


Key in address 


Key in a sequence number to be searched for. 

Press soft key [N SRH]. 

Upon completion of search operation, the sequence number 
searched for is displayed in the upper-right corner of the screen. 
If the specified sequence number is not found in the program 
currently selected, alarm PS0060 occurs. 


NYDN fF 
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Explanation 
- Operation during Search 


- Checking during search 


Limitation 
- Searching in sub-program 


OPERATION B-63944EN/02 


Those blocks that are skipped do not affect the CNC. This means that 
the data in the skipped blocks such as coordinates and M, S, and T 
codes does not alter the CNC coordinates and modal values. 

So, in the first block where execution is to be started or restarted by 
using a sequence number search command, be sure to enter required 
M, S, and T codes and coordinates. A block searched for by sequence 
number search usually represents a point of shifting from one process 
to another. When a block in the middle of a process must be searched 
for to restart execution at the block, specify M, S, and T codes, G 
codes, coordinates, and so forth as required from the MDI after closely 
checking the machine tool and NC states at that point. 


During search operation, the following checks are made: 
e Optional block skip 


During sequence number search operation, M98Pxxxx (subprogram 
call) is not executed. So an alarm PS0060 is raised if an attempt is 
made to search for a sequence number in a subprogram called by the 
program currently selected. 





Main program Subprogram 


01234 05678 
N88888 
M98 P5678 : : 


<—_____ 99: 





If an attempt is made to search for N8888 in the example above, an alarm occurs. 





Fig. 10.5 (a) 
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10.6 DELETING PROGRAMS 


Programs registered in memory can be deleted, either one program by 
one program or all at once. 


10.6.1 Deleting One Program 


A program in the default folder is deleted. 


Procedure for deleting one program 


Rh WwW 


Select the EDIT mode. 


Press function key to display the program screen. 


Key in address [o] ; 


Key in a desired program number. 
Press the editing [exe] key. The program with the entered 


program number is deleted. 


10.6.2 Deleting All Programs 


All programs in the default folder are deleted. 


Procedure for deleting all programs 


BW NY 


Select the EDIT mode. 


Press function key rroo| to display the program screen. 


Key in address [o] : 


Key in -9999. 
Press editing key to delete all programs. 
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10.7 EDITING OF CUSTOM MACROS 


Unlike ordinary programs, custom macro programs are modified, 
inserted, or deleted based on editing units. 

Custom macro words can be entered in abbreviated form. 

Comments can be entered in a program. 

Refer to the III-9.1 for the comments of a program. 


Explanation 
- Editing unit 
When editing a custom macro already entered, the user can move the 
cursor to each editing unit that starts with any of the following 
characters and symbols: 
(a) Address 
(b) # located at the start of the left side of a substitution statement 
(c) /,G=, and; 
(d) First character of IF, WHILE, GOTO, END, DO, POPEN, 
BPRNT, DPRNT and PCLOS 
On the screen, a blank is placed before each of the above characters 
and symbols. 
Example) Head positions where the cursor is placed 
NOO1 X-#100 ; 
#1 =123 ; 
NO02 /2 X[12/#3] ; 
NO003 X-SQRT[#3/3*[#4+1]] ; 
N004 X-#2 Z#1 ; 
NO05 #5 =1+2-#10 ; 
IF[#1NE0] GOTO1O0 ; 
WHILE[#2LE5] DOI ; 
#[200+#2] =#2*10 ; 
#2 =#2+1 ; 
END 1 ; 


- Abbreviations of custom macro word 
When a custom macro word is altered or inserted, the first two 
characters or more can replace the entire word. 


Namely, 

WHILE WH GOTO—GO XOR- XO AND —> AN 
SIN > SI ASIN > AS COS > CO ACOS > AC 
TAN > TA ATAN>AT SQRT>SQ ABS—AB 
BCD > BC BIN > BI FIX > FI FUP > FU 


ROUND > RO END —> EN POPEN > PO BPRNT > BP 
DPRNT—> DP PCLOS—PC EXP—>EX THEN > TH 
Example) Keying in 

WH [AB [#2 ] LE RO [#3 ] ] has the same effect as 

WHILE [ABS [#2 ]LE ROUND [#3 ] ] 

The program is also displayed in this way. 
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10.8 


Locking 


Unlocking 


OPERATION 10.EDITING PROGRAMS 


PASSWORD FUNCTION 


The password function locks bit 4 (NE9) of parameter No. 3202, 
which protects programs with program Nos. 09000 to 09999 and 
programs and folders having the edit/display disable attribute, 
according to the settings in two parameters, PASSWORD (parameter 
No. 3210) and KEYWD (parameter No. 3211). In the locked state, 
parameter NE9 cannot be set to 0. In this case, the protection of 
programs with program Nos. 09000 to 09999 and programs and 
folders having the edit/display disable attribute cannot be released 
unless a correct keyword is set. 

A locked state means that the value set in the parameter PASSWD 
differs from the value set in the parameter KEYWD. The values set in 
these parameters are not displayed. The locked state is released when 
the value already set in the parameter PASSWD is also set in 
parameter KEYWD. When 0 is displayed in parameter PASSWD, 
parameter PASSWD is not set. 


Procedure for locking and unlocking 


Ne 


ND WF 


Set the MDI mode. 

Enable parameter writing (III-12.3.1). At this time, alarm PS0100 
is issued on the CNC. 

Set parameter No. 3210 (PASSWD). At this time, the locked 
State is set. 

Disable parameter writing. 


Press the key to release the alarm state. 


Set the MDI mode. 

Enable parameter writing (III-12.3.1). At this time, alarm PS0100 
is issued on the CNC. 

In parameter No. 3211 (KEYWD), set the same value as set in 
parameter No. 3210 (PASSWD) for locking. At this time, the 
locked state is released. 

Set parameter NE9 (No. 3202#4) to 0. 

Disable parameter writing. 


Press the key to release the alarm state. 


Subprograms from program Nos. 9000 to 9999 can now be 
edited. 
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Explanation 


- Setting parameter PASSWD 

The locked state is set when a value is set in the parameter PASSWD. 
However, note that parameter PASSWD can be set only when the 
locked state is not set (when PASSWD = 0, or PASSWD = KEYWD). 
If an attempt is made to set parameter PASSWD in other cases, a 
warning is given to indicate that writing is disabled. When the locked 
state is set (when PASSWD # 0 and PASSWD # KEYWD), parameter 
NE9 is automatically set to 1. If an attempt is made to set NE9 to 0, a 
warning is given to indicate that writing is disabled. 


- Changing parameter PASSWD 
Parameter PASSWD can be changed when the locked state is released 
(when PASSWD = 0, or PASSWD = KEYWD). After step 3 in the 
procedure for unlocking, a new value can be set in the parameter 
PASSWD. From that time on, this new value must be set in parameter 
KEYWD to release the locked state. 


- Setting 0 in parameter PASSWD 
When 0 is set in the parameter PASSWD, the number 0 is displayed, 
and the password function is disabled. In other words, the password 
function can be disabled by either not setting parameter PASSWD at 
all, or by setting 0 in parameter PASSWD after step 3 of the procedure 
for unlocking. To ensure that the locked state is not entered, care 
must be taken not to set a value other than 0 in parameter PASSWD. 


- Re-locking 
After the locked state has been released, it can be set again by setting a 
different value in parameter PASSWD, or by turning the power to the 
NC off then on again to reset parameter KEYWD. 
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/A\ CAUTION 


1 


Once the locked state is set, parameter NE9 cannot 
be set to 0 and parameter PASSWD cannot be 
changed until the locked state is released or the 
memory all-clear operation is performed. Special 
care must be taken in setting parameter PASSWD. 
The edit/display disable attribute cannot be set 
unless parameter PASSWD is set. 

In the locked state, programs with the edit/display 

disable attribute are treated as follows: 

e The presence of the programs is hidden. This 
means that these programs are not displayed on 
screens such as the program directory screen. 
These programs cannot be edited either. 

e These programs cannot be selected as a main 
program. They can be called as subprograms. 

In the unlocked state, programs with the edit/display 

disable attribute are treated in the same manner as 

ordinary programs. 

The programs in a folder having the edit/display 

disable attribute are also treated as described in 

Caution 3 and 4 above. 

In the locked state, the folders in a folder having the 

edit/display disable attribute are treated as follows: 

e The presence of the folders is hidden. This 
means that these folders are not displayed on 
screens such as the program directory screen. 

In the unlocked state, the folders in a folder having 

the edit/display disable attribute are treated in the 

same manner as ordinary folders. 
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10.9 


Explanation 
- Edit unit 


EDITING PROGRAM CHARACTERS 


B-63944EN/02 





This section describes how to edit programs registered in the CNC. 

Editing operations include character insertion, modification, deletion, 
and replacement. 
While program word editing is performed by recognizing program 


words, 


program 


CHAR EDIT 


661 008080123CNEWPRG D=4. OMM R=2. Ginn 


@62 
683 
aaa 
685 
686 
607 
688 
689 
618 
611 
612 
613 
614 
615 
616 
61? 
618 
619 


IS-C}; 
G9BX8Y62168. 688; 
G17G00X-2. 680171. 9188; 
26. 0851; 


G61X-1. 918872. 866126. 484; 
7277428. 
- 686271. 
. 600171. 
635972. 
494628. 
- 686271. 
- 600171. 
353172. 
211728. 
- 927171. 
906271. 
906171. 
785771. 
- 876272. 


X-1. 


x-2 
x-2 


X-1. 
X-1. 


xX-2 
x-2 


x-1. 
X-1. 


X-1 


X-2. 
x-2. 
x-1. 


xX-1 


98@4d; 


2777328. 


character 
character-by-character basis. 


6834; 


63620. 6816; 


990128. 


8732; 


494528. 
353128. 
900128. 


6659; 


284728. 
211628. 
676228. 
284728. 
998228. 


6768; 


0797; 
6776; 
6695; 


6748; 
6756; 
6734; 
6711; 
6623; 


037 


A> 


RMT STOP *** **% 


editing 


x-8. 


x-1 


x-8 


is performed on a 


00123 NOOGBA 


9288Y 2. 680128. 8586; 


. 644291. 284728. 8675; 
X-2. 
xX-2. 
x=1, 


600270. 928826. 0711; 
606178. 787420. 8687; 
5628Y 1. 284720. 8639; 


. 2873Y2. 886226. O55; 
x-8. 
X-1. 
X=2. 


646Y2. 686126. 8513; 
361471. 284726. 8682; 
666178. 645926. 6662; 


Y@. 5646268. 6637; 


x-1. 
X-1. 
x-8. 


x-8 


84678. 658726. 8625; 
219971. 284728. 8565; 
564572. 686228. 6476; 


- 363272. 866126. Bad; 
x-1. 
X-1. 
X-2. 


878571. 284726. 8529; 
784578. 658726. 8588 ; 
608178. 363126. 661; 


Y@. 221726. 8583; 
FILE: 7“CNC_MEM/USR/PATH1/0123 
STATUS: INSERT MODE 


12: 66:68 | PATH1 





< [SELECT PASTE LINE S UP CAN |LOW CA + 
EARCH DIDATE |NDIDAT 


Fig. 10.9 (a) 


Character editing is performed on a character-by-character basis. 
Select either character editing or word editing according to the editing 
type or experience. 


A line is defined as a range containing a character string and a 
terminal symbol ";". 
From the edited line, a line is used as a unit for reading and writing. 

When one program line contains many characters, it extends over 
multiple lines on the screen, but these lines are counted as one 


program line. 
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- Line splitting 


- Line merging 
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If edit key is entered when the cursor is placed in the middle of 


a line during line editing, the characters before the cursor and the 
characters at the cursor position and subsequent positions are treated 
in separate lines. 


To restore the original single line, press edit key immediately 


after the line is split. 
Alternatively, move the cursor to the terminal symbol ";" of the first 


line, and press edit key to restore the original single line. 


When the terminal symbol ";" at the end of a line is deleted, that line 
and the next line are merged into a single line. 


- Maximum number of characters in one line 


- Line number 


- Clipboard 


One line can consist of up to 140 characters. 


The number of lines are counted starting with the starting line of a 
program, which is counted as the first line. Even when a line wraps 
around to the next and subsequent lines, these lines are counted as a 
single line. 


The clipboard is an area to store characters when a cut or copy 
operation is performed. The area has a capacity for holding 
approximately 4000 characters. 

The characters that are cut or copied by one cut or copy operation are 
stored. The most recently stored character string can be used by the 
paste function. 

The information stored by the paste operation is kept unchanged until 
another cut or copy operation is performed. 

The characters stored in the clipboard are maintained until the power 
to the CNC is turned off unless the clipboard is updated again. 
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- Undo function 
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The undo function in text editing restores the state present before each 
edit operation by reversing operations in time from the most recent 
operation. Only functions for updating text are reversed. 

One undo operation corresponds to one input operation. 

When characters are input, one input operation corresponds to an 
operation on one character. 

When text has been updated by replacement operations, one undo 
operation reverses one replacement operation. 

When text has been updated using the replace all function, one undo 
operation reverses one replacement operation. 


The move keys (cursor keys [=]. [+]. [+]. and [+]. and page 


keys and | t.}) do not update text, so key operations of these 
keys are not reversed by the undo function. 


- Example of the undo function 


- Edit mode 


- Insert mode 


- Overwrite mode 


1 Suppose that the following character string is present before 
modifications: 
NI10AX[#AXIS3]=100.0; 


2 Edit key is pressed five times. 


X[#AXIS3]=100.0; 
3. Soft key [UNDO] is pressed five times. Then, the original 
character string is restored as follows: 
AX[#AXIS3]=100.0; 
OAX[#A XIS3]=100.0; 
10AX[#A XIS3]=100.0; 
110AX[#AXIS3]=100.0; 
N110AX[#AXIS3]=100.0; 


There are two program edit modes: insert mode and overwrite mode. 
Program editing is performed in one of these modes. 

To switch between edit modes, use soft key [MODE]. 

Initially, insert mode is set. 


In insert mode, an entered character is inserted between the current 
cursor position and the preceding character position. 
1234567890 
When the cursor is placed at 6, and X is entered, the following results: 
12345X67890 


In overwrite mode, the character at the cursor position is replaced by 
an entered character. 
1234567890 
When the cursor is placed at 6, and X is entered, the following results: 
12345X7890 
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- Restrictions on editing 


O numbers and file names cannot be edited. 
EOR (%) cannot be deleted. 


- Line update and automatic saving 
When a line has been updated, the line is indicated in the update color. 
When the cursor moves outside the updated line, the color of the line 
changes to the non-update color. 
When the cursor has moved outside the updated line, the line is saved 
automatically. 


- Relationship between automatic saving of updated lines and the undo function 
Because updated lines are automatically saved, text restored by the 
undo function is automatically saved. 

When a certain line is updated, then the cursor is moved to the next 
line, the updated line is written by the automatic saving function. 
Then, using the undo function restores the original state. In this case, 
the updated line has already been written by the automatic saving 
function, so writing is performed to restore the original state. 
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10.9.1 Available Keys 


The available keys are as follows: 


Cursor keys [>]. [+]. [+]. and [+ | move the cursor. 


- Cursor keys 


- Editing key 


Deletes the character at the cursor position. 


- Editing key 


Deletes the character immediately before the cursor position. 
When the cursor is at the beginning of a line, the character at the end 
of the previous line is deleted. 


- Editing key 


Causes a line change. 


Pages are changed using page key or [4]. 


Page key moves to the next page. 


- Page change keys 


When page key is pressed on the last page, the cursor moves to 
the last character position of the last line (the % position). 


Page key (4. moves to the previous page. 


PAGE 
When page key is pressed on the first page, the cursor moves to 
the first character position of the first line. 
Page key moves to the next page. 
When page key is pressed on the last page, the cursor moves to 


the last character position of the last line (the % position). 


- Data keys 


Characters usable in a program can be entered. 
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10.9.2 


10.9.3 


Input Mode 
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Input modes include insert mode and overwrite mode. 


Changing input mode 


To change input mode, use soft key [INSERT MODE] or 
[OVERWRITE MODE]. 

Pressing soft key [OVERWRITE MODE] enters overwrite mode if the 
current mode is insert mode. 

Pressing soft key [INSERT MODE] enters insert mode if the current 
mode is overwrite mode. 

The current mode is indicated in the lower right part of the editing 
screen. 


Line Number Display 


This function is used to display a program with line numbers. 
Pressing soft key [LINE NUMBER] displays a program with line 
numbers. A second press of soft key [LINE NUMBER] displays the 
program with no line numbers. Line numbers are added to a program 
when the program is displayed, but they are not written to files. 
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10.9.4 Search 


Procedure 


Search 


A program is searched for a character string. 


Press soft key [SEARCH]. 

A character string input/edit area for search appears. Enter the 
character string to be searched for. 

Upward search operation 

When soft key [UP] is pressed, the program is searched upward 
(toward the top) from the current cursor position. 

If the search character string is found, the cursor is placed on the 
character string. 

When soft key [UP] is pressed again, the program is searched for 
the next candidate. 

Downward search operation 

When soft key [DOWN] is pressed, the program is searched 
downward (toward the EOR) from the current cursor position. 

If the search character string is found, the cursor is placed on the 
character string. 

When soft key [DOWN] is pressed again, the program is 
searched for the next candidate. 

When the character string to be searched for is no longer found, 
the cursor returns to the original position. 
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10.9.5 


Procedure 
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Replacement 
A character string in a program is replaced with a specified character 
string. 
Replacement 
1 To replace a character string, press soft key [ALTER]. 
2 A replacement character string input/edit area appears. Enter 


the character string (the search character string) that you want to 
search for and the character string (the replacement character 
string) with which you want to replace the search character 
string. 

To move between the search character string input area and 


replacement character string input area, use cursor keys 


and [ t |. 


In each input area, the cursor position before the movement 
operation is restored. 
When a search character string is entered without entering a 
replacement character string, the specified character string is 
deleted. 

3. Replacement operation 
The replacement operation involves searching for a character 
string and replacing the character string. 
For searching for a replacement character string, soft keys [Tt 
SEARCH] and [/ SEARCH] are provided. 
For replacement, [REPLACE] and [REPLACEALL] §are 
provided. 


Soft key [7 SEARCH] 

The program is searched upward (toward the beginning of the 
program) from the current cursor position. If the search 
character string is found, the cursor is placed on the character 
string. 

When soft key [1 SEARCH] is pressed again, the program is 
searched for the next candidate. 


Soft key [V SEARCH] 

The program is searched downward (toward the EOR) from the 
current cursor position. 

If the search character string is found, the cursor is placed on the 
character string. 

When soft key [/ SEARCH] is pressed again, the program is 
searched for the next candidate. 


Soft key [REPLACE] 


Pressing this key replaces the character string searched for with 
the replacement character string. 
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Soft key [REPLCEALL] 

This key performs replacements throughout the program text at a 
time. 

When this key is pressed, message "Do you want to execute?" 
appears together with soft keys [YES] and [NO]. If soft key 
[YES] is pressed, all replacements are made. 

If soft key [NO] is pressed, the original editing screen is 
redisplayed without performing replacement. 


10.9.6 Reversing Edit Operations (Undo Function) 


This function reverses edit operations. 
Edit operations made on a program are reversed in time from the most 
recent operation. 


Reversing edit operations (undo function) 


Procedure 


10.9.7 Selection 


Selection 


Procedure 


Each time soft key [UNDO] is pressed, one operation is reversed. 
A write to a file is performed. 

When there is no operation to be reversed, pressing this soft key 
is ignored. 

Even when there is a difference between the records indicated at 
the time of the operation and the currently indicated records, 
there is no problem. 


A character string to be copied or deleted is selected. 


— 


Place the cursor at the beginning of a target character string. 
Press soft key [SELECT]. 
Then, move the cursor to the end of the target range by using 


cursor keys [+]. [+]. [+]. and [+]. and page keys 
and [‘¥]. 


The selected character string is then displayed in the selection 
color (the background color is the cursor color). 

Press soft key [COPY] or [CUT]. 

After soft key [COPY] or [CUT] is pressed, the normal cursor 
state is restored. 

To cancel the selection, press soft key [CANCEL]. Then, the 
screen display is returned to the editing screen. 
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10.9.8 Copy 


Copying 
Procedure 


10.9.9 Deletion 


Deletion 


Procedure 


10.9.10 Paste 


Paste 
Procedure 


10.9.11 Saving 


Saving 
Procedure 


OPERATION 10.EDITING PROGRAMS 


A selected character string is stored in the clipboard. 
The text on the screen remains unchanged. 


1 Specify the character string to be copied by following the 
selection procedure described previously. 
2 Press soft key [COPY]. 


A selected character string is saved in the clipboard, and the character 
string selected on the screen is deleted. 


1 Specify the character string to be cut by following the selection 
procedure described previously. 
2 Press soft key [DELETE]. 


The character string in the clipboard is inserted to the current cursor 
position. 


1 Move the cursor to the position at which you want to paste a 
character string. 
2 Press the soft key [PASTE]. 


When editing ends, the text portion not yet written is saved by 
pressing soft key [SAVE]. 
Press [SAVE] when completing editing. 


1 ‘Press the soft key [SAVE]. 
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10.9.12 Creation 
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A program to be edited is displayed on the screen. 


Creation 


Procedure 


BRWNR 


Press soft key [CREATE]. 

A program name input area appears. 

Enter the name of a program to be created. 

Press the soft key [EXEC]. This creates a new program and 
displays the editing screen. 

To stop this operation halfway, press soft key [CANCEL]. 


10.9.13 Line Number Search 


The cursor moves to a specified line number. 


Searching for a line number 


Procedure 


— 


Press soft key [LINE SEARCH]. 

A line number input area appears. 

Enter the line number to which you want to move. Line 
numbers start with 1. 

Press the soft key [LINE NUMBER]. This moves the cursor to 
the specified line number. 

To move to the beginning of the program, press the soft key 
[LINE NUMBER]. 
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10.1710 PROGRAM COPY FUNCTION 


A program is copied or moved between folders. 


Procedure 
1 ~~ Press function key : 


2 Press chapter selection soft key [DIRECTORY]. 
The following program directory screen appears: 


PROGRAM FOLDER 00123 NOOOOWYD 


DEFAULT FOLDER 
FOREGROUND: //CNC_MEM/USER/PATH1/ 
BACKGROUND: //CNC_MEM/USER/PATH1/ 

DEVICE SELECTI}CNC_MEM ISED PAGE A9CKBYTE] USED FOLDER 5S? 

REE PAGE 4a?7(KBYTE] FREE FOLDER ? 

PROGRAM LIST ¢ CURRENT FOLDER: / > 





MTB <FOLDER> 
MTB2 <FOLDER> 
USER <FOLDER> 
USER2 <FOLDER> 
A> 
MEM STOP ««« «| | 12:00:00] PATH1 








frances ar ete] MNS en tne 

PROGRM | FOLDER | ON OFF FOLDER CNDENS | DISABL | ENABLE 

3 Press the soft key [((OPRT)]. 

4 Move the cursor to a folder that contains the program that you 
want to copy or move, and press soft key [CHANGE FOLDER]. 

5 Press continuous menu key [=] several times until 
[SELECTSTART] appears. 

6 Press the soft key [SELECTSTART]. 

7 Move the cursor to the program that you want to select, and press 
soft key [SELECT]. The background color of the selected 
program becomes light blue, indicating the selected state. 

8 Press the soft key [SELECT END]. The selected program is 
determined. 

9 Press soft key [CHANGE FOLDER], and move the cursor to the 
folder to which you want to copy or move the program. 

10 Press the soft key [COPY]. The selected program is copied. If 
just one program is selected, pressing soft key [COPY] after 
typing a program name performs a copy operation with the 
entered name. 

11 To move the program, press soft key [MOVE]. The selected 
file is then moved. If just one program is selected, pressing soft 
key [MOVE] after typing a program name performs a copy 
operation with the entered name. 
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Operations are accepted only when the data protection key is set to 
ON. 


If the program storage capacity on the copy destination side is 
insufficient, the copy operation is not accepted. 


The currently selected program is highlighted. Multiple programs 
can be selected in the same folder. Each time [SELECT] is pressed, 
the program currently indicated by the cursor is selected. 


A selected program can be deselected by pressing [SELECT] again or 
by pressing [CANCEL]. 


If the same program name is already present in the copy or move 
destination folder, "OVERWRITE: FILE NAME" is displayed, 
allowing you to determine whether to overwrite the existing program 
by pressing soft key [NO] or [OVERWRITE]. Pressing 
[OVERWRITE] performs overwriting, and pressing [NO] does not 
perform the copy or move operation of that program. 


Pressing soft key [DELETE] deletes all the files currently selected. 


A program can be neither copied nor moved to the same folder as the 
selected folder. 

When only one program is selected, and a program name is already 
entered, however, the program can be copied or moved within the 
same folder. 


NOTE 


Once a copy or move operation starts, it cannot be 
canceled. So, start the operation very carefully. 





- 1126 - 


B-63944EN/02 


OPERATION 10.EDITING PROGRAMS 


10.11 KEYS AND PROGRAM ENCRYPTION 


Overview 


Explanation 


- Locking/unlocking 


- Parameter 


Program contents can be protected by setting parameters for 
encryption and for the program security range. 


Security with a password and a security range 

When the password and security range parameters are specified, 
the display, editing, and input/output operations are disabled for 
the programs within the security range. 

This prevents the custom macro programs created by the machine 
tool builder from being accidentally changed or deleted by the 
end user. This also provides security because the contents of the 
programs are not displayed. 


Input/output of encrypted programs 

The programs in the security range can be encrypted before being 
output. Once encrypted, the programs cannot be decrypted. In 
addition, encrypted programs can be input directly. 


When the programs in the security range are secured, the program 
memory is said to be locked. 
If they are not secured, the program memory is said to be unlocked. 


Parameter PASSWORD (No.3220) 

Set the password required to lock the program memory. A 
password other than 0 can be set. The password is not displayed. 
A password can be set when no password is set (PASSWORD = 
0) or the program memory is unlocked. 

Parameter KEY (No.3221) 

When KEY is set equal to PASSWORD, the program memory is 
unlocked. The value set for the parameter is never displayed. 
Each time the CNC is started, 0 is set for the parameter. This 
means that whenever the CNC is started, a lock is provided if a 
password is set (PASSWORD ¢ 0). 

Minimum value (in parameter No. 3222) and maximum value (in 
parameter No. 3223) of the program security range 

Set the desired security range. The value set for MINIMUM must 
not be greater than that set for MAXIMUM. The programs in the 
range of MINIMUM to MAXIMUM are secured. If MINIMUM 
is set to 0, it is regarded as being 9000. If MAXIMUM is set to 0, 
it is regarded as being 9999. 

A range can be set when no password is set or the program 
memory is unlocked. 
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NOTE 

1 For security, the values set for PASSWORD and 
KEY are not displayed. For the same reason, 
PASSWORD, MINIMUM, and MAXIMUM can be 
specified only when no password is set or the 
program memory is unlocked. Set a password, 
taking great care to avoid a situation where the 
program memory cannot be unlocked because a 
password is set incorrectly. 
The [+INPUT] key used to specify PASSWORD and 
KEY behave in the same way as the [INPUT] soft 
key. 

Example: When 99 is set for KEY, pressing 


and [+INPUT] changes the value to. 
These four parameters cannot be output externally. 
Also, even when these parameters are input by the 
parameter read operation, they are ignored. 





- Inputting/outputting and collating programs 
When a program is encrypted, a password is output. The password is 
used to load the program. 
The following output operations are enabled for programs outside the 
security range if the locked state is present or for programs within the 
security range if the unlocked state is present: 


Outputting all programs 
Locked/unlocked | Results 


All the programs outside the security range are 
output in the normal way. 
encrypted and output. 
output in the normal way. 


Outputting a single program 


Lockediuniocked | Results 


Locked If a program is outside the security range, it is 
output in the normal way. 
If it is within the security range, a warning 
"PROGRAM NOT FOUND" is issued. 





Unlocked If a program is outside the security range, it is 
output in the normal way. 
If it is within the security range, it is encrypted and 
output. 


Password not set The program is output in a normal way. 
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Outputting specified multiple programs 
Locked/unlocked 

Locked When all of the specified programs fall outside 
the protected range, they are output as usual. 
When all of the specified programs are within the 
security range, warning message "PROGRAM 
NOT FOUND" is issued. 
When some of the specified program numbers 
are outside the security range, and the others are 
within the security range, only the programs 
outside the security range are output normally. 
When the programs to be output are not within 
the specified range, warning message 
"PROGRAM NOT FOUND" is issued. 

Unlocked When all of the specified programs fall outside 
the protected range, they are output as usual. 
When all the specified programs fall within the 
protected range, they are output as encoded 
programs. 
When some of the specified program numbers 
are outside the security range, and the others are 
within the security range, only the programs within 
the security range are encoded and output. 
When the programs to be output are not within 
the specified range, warning message 
"PROGRAM NOT FOUND" is issued. 


Password not set The program is output in a normal way. 


Inputting an un-encrypted program 


Lockediuniocked | Results 


Locked When the program to be read is outside the 
security range, it is input normally. 
When the program to be read is within the 
security range, warning message "WRITE 
PROTECTED" is issued. 


Unlocked, or password _| The program is input. 
not set 


Inputting an encrypted program 


Password set in the system 
and password of the 
program 


Password for the program When the program is within the security 
range, it is input normally. 








When the program is outside the security 
range, warning message "WRITE 
PROTECTED" is issued. 

Password not set in the The program is input. 

system The PSW in the file is set for parameter No. 
3220. 
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Collating a program with an encrypted program 
In the unlocked state, the following takes place: 


Password set in the system 
and password of the program 


Password set in the system Alarm SR0075 “PROTECT?” is issued. 





Password set in the system = The program is collated. 
Password of the program, or 
password not set in the system 

In the locked state, program collation cannot be performed. 
NOTE 


1 To encrypt programs, set parameter ISO (bit 1 of 
No.0000) to 1 (to specify that the punch code is 


ISO). 
An encrypted program cannot be registered as an 
additional program ([READ]-[ADD)}). 





- Program display 
1 On the program directory screen, all program numbers are 
displayed together with comments. 


2 In the locked state, the programs within the security range are not 
displayed on the program screen. In the unlocked state, the 
programs within the security range are displayed in the same way 
as normal programs. 


- Editing and deleting programs 
When the program memory is locked, the programs within the security 
range cannot be edited or deleted. When the program memory is 
locked, an attempt to delete all programs results in only those 
programs outside the security range being deleted. 


- Searching for programs 
In the locked state, a program search is performed within the protected 
range as described below. 


1 When no program number is specified, programs within the 
protected range are skipped. 


2 When an attempt is made to search for a program within the 
security range by specifying a program number, the search 
operation is ignored, resulting in warning message "PROGRAM 
NOT FOUND". 
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PROGRAM MANAGEMENT 





Program management functions are classified into the following two 
types: 

e Functions for folders 

e —_ Functions for programs 


Functions for folders include creation, deletion, change of names and 
attributes, and so on. 

Functions for programs include main program selection, deletion, 
change of names and attributes, program compaction, and so on. 


Creation and registration 


Editing 


Selecting a device 
Management of Creating a folder 
‘ Renaming a folder 
devices and Changing folder attributes .... 
folders Deleting a folder 
Selecting a default folder 


Renaming a file 
Program Deleting a file 
management Changing file attributes 
Selecting a main program 
Making a program compact 
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11.1 SELECTING A DEVICE 


When the fast data server function (option) is provided, a program 
storage device can be selected. This section explains the selection 
procedure. 


Procedure for selecting a device 


ABWN 


Press the function key : 


Press the soft key [FOLDER]. 

Press the soft key [(OPRT)]. 

Press the soft key [DEVICECHANGE]. 
Press the soft key for the desired device. 
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11.1.1 Selecting a Memory Card Program as a Device 


Overview 
By selecting a memory card including a program storage file (named 
"FANUCPRG.BIN") as a device, memory operation can be performed 
with the program in the program storage file selected as the main 
program. 
In addition, the content of a program storage file can be displayed on 
the program list screen or a program in a program storage file can be 
edited on the program edit screen. 
A program storage file can be created using a memory card program 
tool (A08B-9010-J700#ZZ11) on a commercially available personal 
computer. To use a created program storage file, the file is written to 
a memory card prepared in the FAT format. 
(A program held in a program storage file is hereinafter referred to as 
a memory card program. Moreover, a memory card storing a 
program storage file is referred to as a program storage memory card.) 


Procedure for selecting a device 


Press the function key d 


Press the soft key [FOLDER]. 

Press the soft key [(OPRT)]. 

Press the soft key [DEVICECHANGE]. 
Press the soft key [MEMCARD]. 


ABRWN 


NOTE 

1 AFAT-formatted memory card containing the 
program storage file FANUCPRG.BIN is recognized 
as a program storage memory card. 
For a program storage memory card containing 
more than 63 folders and programs, the option for 


extending the number of memory card program 
registrations is required. The option for extending 
the number of memory card program registrations is 
applicable to a program storage memory card 
containing a maximum of 1000 folders and 
programs. 
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Procedure for removing a device 


When a program storage memory card is replaced or a memory card is 
used for normal usage such as data input/output, clear the recognition 
of the program storage memory card with removal operation. 


Press the function key : 


Press the soft key [FOLDER]. 

Press the soft key [(OPRT)]. 

Press the soft key [DEVICECHANGE]. 
Press the soft key [DETACH]. 


ABWN 


NOTE 

1 This soft key appears when the CNC recognizes a 
program storage memory card during device change 
operation. 

2 This operation is enabled only in EDIT mode or 
MEM mode. 

When a memory card program is selected in the main 
programs of multiple paths in a multipath control 
system, set the modes of all paths to EDIT mode or 
MEM mode. 

When the default folder is a folder in a program 
storage file, it is changed to "//CNC_MEM/" by a 
removal operation. 

When the main program is a memory card program, 
the main program enters the unselected state by a 
removal operation. 





Explanation 
- About operation 

A memory card program can be selected as a main program to perform 

memory operation. 

Memory operation has the following features: 

- Subprogram call nesting is allowed. 

- Macro program call nesting is allowed. 

- In a custom macro, a control command using a GOTO 
statement/WHILE statement can be specified. 

- With the T series, a multiple repetitive canned cycle for turning 
can be specified. 


NOTE 
To use the functions for calling macros, using 


custom macros, and using a multiple repetitive 
canned cycle for turning, the options corresponding 
to the respective functions are required. 
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- Selection as a main program 
As a main program to be automatically executed in the memory mode, 
a memory card program can be selected. 


- Sub program (call using M98/G72.1/G72.2) 
- Macro program (call using G65/G66/G66.1/M96) 
The following subprogram/macro program held in the same folder as 
containing the main program is called: 
- Sub program call (M98) 
- Macro call (Simple macro call G65 / Modal call G66,G66.1) 
- | Macro interrupt (M96) 
- Figure copying (G72.1, G72.2) 


If the program cannot be found in the same folder as the main program, 

the following folder is searched: 

- Common program folder on the CNC MEM device (CNC 
program storage memory) 


NOTE 
To use the functions for macro call, macro interrupt, 


and figure copying, the options corresponding to 
the respective functions are required. 





- Sub program (call using M code/S code/T code/particular address/the second 
auxiliary function) 
- Macro program (call using G code/M code) 
The following subprogram/macro program calls a program from the 
CNC_MEM device (CNC program storage memory): 
- Subprogram call using M_ code/S_ code/T code/particular 
addresses/the second auxiliary function 
- Macro call using G code/M code 
The folders set as search targets are searched in the following order, 
and the first found program is called: 
1 Common program folder among the initial folders 
2 MTB-dedicated folder 2 among the initial folders 
3 MTB-dedicated folder 1 among the initial folders 
4 System folder among the initial folders 
Search target folders are set in parameter No. 3457. 


NOTE 
For a memory card program, subprogram call using 
M code/S code/T code/particular addresses/the 


second auxiliary function or macro call using G 
code/M code can be specified. However, a 
program on the CNC_MEM device (CNC program 
storage memory) is called. 
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- External program number search / External workpiece number search 
A program on a program storage memory card can be searched for 
with the external program number search function or external 
workpiece number search function. 


Limitation 
For a memory card program, M198 cannot be specified. Moreover, 
no memory card program can be called from a program on the 
CNC_MEM device (CNC program storage memory) by specifying 
M198. 


When a setting is made to enable an external device subprogram call 
from a memory card (M198) or DNC operation from a memory card 
(bit 7 (MNC) of parameter No. 0138 = 1), the content of program 
storage file cannot be displayed during automatic operation. 


When a program storage memory card is selected, the memory card 
cannot be used for the ordinary purposes listed below. To use a 
memory card in such a case, perform a "removal" operation to cancel 
the recognition of the program storage memory card. 
-  ALLI/O screen 
Display of the contents of a memory card, and reading/punching 
data to and from a memory card 
- PMC data I/O screen 
Display of the contents of a memory card, and reading/punching 
to and from a memory card 
- Program directory screen 
Reading/punching program data to and from a memory card 
- External device subprogram call (M198) operation 
Subprogram call (M198) with a memory card set as an external 
device 
- | DNC operation 
DNC operation from a memory card 
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/A\. CAUTION 
1 Do not remove the memory card when a program 
that specifies a write to the memory card is being 
edited. The data can be destructed. 
If an editing operation is completed, the results of 
editing are preserved even when the power to the 
CNC is turned off. 
When removing the memory card, be sure to 
perform a "removal" operation. If the memory card 
is removed without performing a "removal" operation 
and an attempt is made to access the memory card, 
the alarm (SR1964) or alarm (101030) is issued. 
If the card is removed inadvertently, insert the card 
again and perform a "removal" operation. 
When an alarm is issued, perform the following 
operation: 
- When the alarm (SR1964) is issued 
Reset the alarm after performing a "removal" 
operation. 
- When the alarm (101030) is issued 
The alarm can be reset only by turning off the 
power to the CNC. 
Do not attempt to replace the memory card without 
performing a "removal" operation. Such an attempt 
is very dangerous. 
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- Operation of creattion, edition, and management of a program 
When “memory card program as a device” is selected, operation of 
creattion, edition, and management of a program is below: 


Creation of a program Unusable 
Edition prohibition attribute Unusable 
Inserting, alteration, and deletion a Word Usable 
Deletion of a block Usable 
Program search Usable 
Sequence number search Usable 
Deletion of a program Unusable 
Editing a customa macro Usable 
Password function Unusable 
Editing a program character Usable 
Program copy function Unusable 
Key and progrm encryption Unusable 
Selecting a device Usable 
Creation of a folder Unusable 
Renaming of a folder Unusable 
Alteration of folder’s attribute Unusable 
Deletion of a folder Unusable 
Selecting a default folder Usable 
Renaming of a file Unusable 
Deletion of a file Unusable 
Alteration of folder attribute Unusable 
Selecting a main program Usable 
Execution of reduce of programs Unusable 
Input/output of program Unusable 
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11.2 CREATING A FOLDER 


This section explains the procedure for creating a folder. 


Procedure for creating a folder 


1 Select EDIT mode. 
2 _ Press the function key ; 
3. Move to the folder in which you want to create a folder. 


Use the cursor keys [+ | and [+ | to move among folders. 


After selecting the folder, press the key. 


Press the soft key [((OPRT)]. 
Type data. 
6 Press the soft key [CREATEFOLDER]. 


ns 


NOTE 
Each folder name must be unique within the same 
folder. 


Each time a folder is created, the number of 
programs that can be registered decreases by one. 
Depending on the operation status and protection 
status, a folder cannot sometimes be created. 
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11.3. RENAMING A FOLDER 


This section explains the procedure for renaming a folder. 


Procedure for renaming a folder 


1 Select EDIT mode. 
2 Press the function key : 
3. __~ Press the soft key [FOLDER]. 
4 Select the folder that you want to rename. 
To select a folder, use the cursor keys [+ | and [+ |. 
5 Press the soft key [((OPRT)]. 
6 Type data. 


7 Press the soft key [RENAME]. 


NOTE 
You cannot rename the initial folders. 
Each folder name must be unique within the same 


folder. 
Depending on the operation status and protection 
status, a folder cannot sometimes be renamed. 
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11.4 CHANGING FOLDER ATTRIBUTES 


This section explains the procedure for changing the attribute of a 
folder (edit disable or edit/display disable). 


Procedure for changing folder attributes 


1 Select EDIT mode. 

2 Press the function key ‘ 

3. __~ Press the soft key [FOLDER]. 

4 Select the folder of which attribute is to be changed. 
To select a folder, use the cursor keys [+ | and 

5 Press the soft key [((OPRT)]. 


nN 


Press the soft key [DETAILON]. 

7 Press the soft key [+]. 

e __ To disable editing, press the soft key [EDIT DISABL]. 

e __ To enable editing, press the soft key [EDIT ENABLE]. 

e To disable editing and display, press the soft key [DISP 
DISABL]. 

e To enable editing and display, press the soft key [DISP 
ENABLE]. 


NOTE 

1 Depending on the operation status and protection 
status, the attribute of a folder cannot sometimes 
be changed. 
When the edit disable attribute is set for a folder, 
editing of folders and files in that folder is disabled. 


When the edit/display disable attribute is set for a 
folder, editing and display of folders and files in that 
folder is disabled, and these folders and files are 
not displayed. 

The items that can be set vary depending on the 
status of parameters and so on. 
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11.5  DELETINGA FOLDER 


This section explains the procedure for deleting a folder. 


Procedure for deleting a folder 


1 Select EDIT mode. 
2 Press the function key : 
3. __~ Press the soft key [FOLDER]. 
4 Select the folder that you want to delete. 
To select a folder, use the cursor keys [+ | and [+ |. 
5 Press the soft key [((OPRT)]. 


6 Press the soft key [DELETE]. 
e _ To perform the deletion, press the soft key [EXEC]. 
e To cancel the deletion, press the soft key [CANCEL]. 


NOTE 
You cannot delete the initial folders. 
A folder cannot be deleted unless the folder is 
empty. 
(An empty folder means that the folder contains 
neither folders nor files.) 


If a folder contains a folder or file having the 
edit/display disable attribute, the folder may seem 
to be empty when displayed, but the folder is not 
actually empty, so it cannot be deleted. 
Depending on the operation status and protection 
status, a folder cannot sometimes be deleted. 
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11.6 | SELECTING A DEFAULT FOLDER 


This section explains the procedure for selecting a foreground or 
background default folder. 


Procedure for selecting a default folder 


BW NO 


Select EDIT mode. 
Press the function key : 


Press the soft key [FOLDER]. 
Move to the folder that you want to select as the default folder. 


Use the cursor keys [+ | and [+ | to move among folders. 


After selecting the folder, press the key. 


Press the soft key [(OPRT)]. 

e To select the foreground, press the soft key [CHANGE 
FORE]. 

e To select the background, press the soft key [CHANGE 
BACK]. 


NOTE 

When the foreground or background default folder 
is not set, the path folder, which is an initial folder, 
is assumed. 

The settings for the foreground and background 


1 


default folders are stored in the default folder 
setting file. 

When a program file, program folder, or program 
folder management file is cleared, the default folder 
setting file is also cleared at the same time. 
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11.7 RENAMING AFILE 


This section explains the procedure for renaming a file. 


Procedure for renaming a file 


Select EDIT mode. 


Press the function key : 


Press the soft key [FOLDER]. 
Move to the folder containing the file that you want to rename. 


BW NO 


Use the cursor keys [+ | and [ + | to move among folders. 


After selecting the folder, press the key. 
5 Select the file that you want to rename. 
To select a file, use the cursor keys [+ | and [t ]. 


6 Press the soft key [((OPRT)]. 
7 Type data. 
8 Press the soft key [RENAME]. 


NOTE 

1 Each file name must be unique within the same 
file. 

2 When the assigned file name cannot be treated as 
a program number, the program in the file is 
restricted as follows: 


e Specification by program number is impossible. 
(Such as a subprogram call) 

e Information output by program number is 
impossible. 

Depending on the operation status and protection 

status, a file cannot sometimes be renamed. 
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11.8  DELETINGAFILE 


This section explains the procedure for deleting a file. 


Procedure for deleting a file 


Select EDIT mode. 


Press the function key : 


Press the soft key [FOLDER]. 
Move to the folder containing the file that you want to delete. 


BW NO 


Use the cursor keys [+ | and [+ | to move among folders. 


After selecting the folder, press the key. 
5 Select the file that you want to delete. 
To select a file, use the cursor keys [+ | and [t ]. 


6 Press the soft key [((OPRT)]. 
7 Press the soft key [DELETE]. 
e _ To perform the deletion, press the soft key [EXEC]. 
e To cancel the deletion, press the soft key [CANCEL]. 


NOTE 


Depending on the operation status and protection 
status, a file cannot sometimes be deleted. 
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11.9 CHANGING FILE ATTRIBUTES 


This section explains the procedure for changing the attribute of a file 
(edit disable, edit/display disable, encoding, or protection of data at 
eight levels). 


Procedure for selecting the attribute of a file 


Select EDIT mode. 
Press the function key i 


Press the soft key [FOLDER]. 
Move to the folder containing the file of which attribute is to be 
changed. 


Use the cursor keys [+ | and [+ | to move among folders. 


After selecting the folder, press the key. 
5 Select the file of which attribute is to be changed. 


BW NO 


To select a file, use the cursor keys and 


Press the soft key [((OPRT)]. 
Press the soft key [DETAILON]. 
Press the soft key [+]. 
e To disable editing, press the soft key [EDIT DISABL]. 
e To enable editing, press the soft key [EDIT ENABLE]. 
e To disable editing and display, press the soft key [DISP 
DISABL]. 
e To enable editing/display, press the soft key [DISP 
ENABLE]. 
e To set encoding, press the soft key [ENCODESET]. 
e To cancel encoding, press the soft key [ENCODE RESET]. 
e To change the change protection level, type a change 
protection level, then press the soft key [CHANGELEVEL]. 
e To change the output protection level, type an output 
protection level, then press soft key [OUT LEVEL]. 


Oo OND 


NOTE 
1 Depending on the operation status and protection 


status, a file cannot sometimes be deleted. 
2 The items that can be set vary depending on the 
status of options, parameters, and so on. 
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11.10 SELECTING A MAIN PROGRAM 


This section explains the procedure for selecting a main program. 


Procedure for selecting a main program 


Select EDIT mode. 


1 
2 Press the function key ; 


Press the soft key [FOLDER]. 
3. Move to the folder containing the file that you want to use as a 
main program. 


Use the cursor keys [+ | and [+ | to move among folders. 
After selecting the folder, press the key. 


4 Select the file that you want to use as the main program. 
To select a file, use the cursor keys [+ | and 


5 Press the soft key [((OPRT)]. 
6 Press the soft key [MAIN PROGRM]. 


NOTE 
Depending on the operation status and protection 


status, the main program cannot sometimes be 
selected. 
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11.11 MAKING A PROGRAM COMPACT 


This section explains the procedure for making a program compact. 


Procedure for making a program compact 


Select EDIT mode. 


1 
2 Press the function key ; 


Press the soft key [FOLDER]. 
3. Move to the folder containing the file of the program that you 
want to make compact. 


Use the cursor keys [+ | and [+ | to move among folders. 
After selecting the folder, press the key. 


3 Select the file of the program that you want to make compact. 
To select a file, use the cursor keys [+ | and 


4 Press the soft key [((OPRT)]. 
5 Press the soft key [PROGRMCNDENS]. 


NOTE 
1 Depending on the operation status and protection 
status, a program cannot sometimes be made 


compact. 
nly programs on the CNC_MEM device can be 
made compact. 
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SETTING AND DISPLAYING DATA 





Explanation 
- Screen transition chart 


- Data protection key 


To operate a CNC machine tool, various data must be set on the MDI 
panel for the CNC. The operator can monitor the state of operation 
with data displayed during operation. 

This chapter describes how to display and set data for each function. 


The screen transition for when each function key on the MDI panel is 
pressed is shown below. The subsections referenced for each screen 
are also shown. See the appropriate subsection for details of each 
screen and the setting procedure on the screen. See other chapters for 
screens not described in this chapter. 


See Chapter 7 for the screen that appears when function key is 


pressed. In general, function key or is prepared by the 


machine tool builder and used for macros. Refer to the manual issued 
by the machine tool builder for the screen that appears when function 


The machine may have a data protection key to protect part programs, 
tool compensation values, setting data, and custom macro variables. 
Refer to the manual issued by the machine tool builder for where the 
data protection key is located and how to use it. 
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Screen displayed when the function key is pressed 










































































(1) (2) (3) (4) (5) 
Page 1 
u u u u 
Position Position Position Manual 
display in display _ in display in handle 
the the the interruption 
workpiece workpiece workpiece | = See Ill-4.4 
coordinate coordinate coordinate 
system system system 
> See III-12.1.1_| [|b See Ill-12.1.1_] [> See Ill-12.1.1 
Actual Actual Actual 
feedrate feedrate feedrate 
display display display 
> See III-12.1.5 | |b See lll-12.1.5 | |b See Ill-12.1.5 
Display of | Display of | Display of 
run time run time run time 
and __parts| and __parts| and parts 
count count count 
> See III-12.1.6 | [|b See Ill-12.1.6 | |b See Ill-12.1.6 
(6) (7) (8) (9) (10) 
MONI 5AXMAN (OPRT) + 
Page 2 
u u 
Operating Display of 
monitor manual 
display feed for 
> See Ill-12.1.8 5-axis 
machining 
> See Ill-12.1.9 
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(5) 


u 
Editing Current Program 
programs block check 
=> See IIl-10 display screen 
screen > See Ill-12.2.6 
k> See Ill-12.2.5 
Next block 
display 
screen 
L> See Ill-12.2.5 
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Screen displayed when the function key is pressed 
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the tool 
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> See Ill-12.3.1 
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> See Ill-12.3.4 
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(6) (7) (8) (9) 
MACRO TOOL || (OPRT) || + 
MANAGER 

u u u 

Displaying Displaying | | Setting and 

and setting and setting] | displaying 

custom the tool 

macro software management 

common operator's | | data 

variables panel > See IIl-12.3.9 

> See Ill-12.3.6 > See Ill-12.3.8 
(11) (12) (13) (14) 


OFST.2 || W.SHFT 





























u Qu 
Y-axis Setting the| | Setting tool 
offset _ workpiece | | Compensation 
Ls See Ill-2.1.6 coordinate | |/ second 
system geometry 
shift value | | Offset values 
L, see 2.1.47 | 2 See ll2.1.5 
(16) (17) (18) 
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L> See III-12.3.11 
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(21) (22) (23) (24) 
CHUCK || panc. | [PROTECT]! Guarp 
TAIL 
u u u u 

Chuck and Displaying Protection | |Operation 
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Screen displayed when the function key is pressed 
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NOTE 
For the screen dedicated to each of the path 
control types for the lathe system/machining center 


system, refer to the following manuals: 
*1: User's Manual (T series) (B-63944EN-1) 
*2: User's Manual (M series) (B-63944EN-2) 
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12.1 SCREENS DISPLAYED BY FUNCTION KEY 





Press function key to display the current position of the tool. 


The following three screens are used to display the current position of 


the tool: 

e Current position display screen for the workpiece coordinate 
system. 

e Current position display screen for the relative coordinate 
system. 


e —_ Current overall position display screen. 

The above screens can also display the feedrate, run time, and the 
number of parts. In addition, a floating reference position can be set 
on these screens. 


Function key can also be used to display the load on the servo 


motor and spindle motor and the rotation speed of the spindle motor 
(operating monitor display). 


Function key |Pos] can also be used to display the screen for 


displaying the distance moved by handle interruption. See III- 4.4 for 
details on this screen. 


- 1157 - 


12.SETTING AND DISPLAYING DATA OPERATION B-63944EN/02 


12.1.1 Position Display in the Workpiece Coordinate System 


Displays the current position of the tool in the workpiece coordinate 
system. The current position changes as the tool moves. The least 
input increment is used as the unit for numeric values. The title at the 
top of the screen indicates that absolute coordinates are used. 


Display procedure for the current position screen in the workpiece coordinate 


Procedure 


1 Press function key . 
2 Press soft key [ABS]. 
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Fig. 12.1.1 (a) Current position (absolute) s screen (M series) 
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Fig. 12.1.1 (b) Current position (absolute) s screen (T series) 
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Explanation 
- Display including compensation values 


Parameters DAL, DAC (No. 3104#6, #7) can be used to select 
whether the displayed values include tool length compensation and 
cutter compensation. 





Parameters DAP, DAC (No. 3129#1, No.3104#7) can be used to 
select whether the displayed values include tool offset and tool nose 
radius compensation. 


- 1159 - 


12.SETTING AND DISPLAYING DATA OPERATION B-63944EN/02 


12.1.2 Position Display in the Relative Coordinate System 


Displays the current position of the tool in a relative coordinate 
system based on the coordinates (see Explanation) set by the operator. 
The current position changes as the tool moves. The increment system 
is used as the unit for numeric values. 

The title at the top of the screen indicates that relative coordinates are 
used. 


Display procedure for the current position screen with the relative coordinate system 


Procedure 


1 Press function key ; 


2 Press soft key [REL]. 
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Fig. 12.1.2 (a) Current position (relative) screen (M series) 
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Fig. 12.1.2 (b) Current position (relative) screen (T series) 





See Explanation for the procedure for setting the coordinates. 


- Setting the relative coordinates 


The current position of the tool in the relative coordinate system can 
be reset to 0 or preset to a specified value as follows: 
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Procedure 


Procedure to set the axis coordinate to a specified value 


1 To reset the coordinate to 0, press soft key [ORGIN]. 
Key in an axis name to be reset (such as X or Y), then press soft 
key [EXEC]. 

2 For presetting to a specified value, key in an axis name to be 
preset and a preset value (such as X100.000), then press soft key 
[PRESET]. 


- Display including compensation values 


Parameters DRL, DRC (No. 3104#4, #5) can be used to select whether 
the displayed values include tool length compensation and cutter 
compensation. 


Parameters DRP, DRC (No.3129#0, No.3104#5) can be used to select 
whether the displayed values include tool offset and tool nose radius 
compensation. 


- Presetting by setting a coordinate system 





Bit 3 (PPD) of parameter No. 3104 can be used to specify whether the 
position indication values in the absolute coordinate system are preset 
as those in the relative coordinate system during coordinate system 
setting or manual reference position return by the G92 command. 


Bit 3 (PPD) of parameter No. 3104 can be used to specify whether the 
position indication values in the absolute coordinate system are preset 
as those in the relative coordinate system during coordinate system 
setting or manual reference position return by the G50 command (for 
G code system A) or G92 command (for G code system B or C). 
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12.1.3 Overall Position Display 


OPERATION 12.SETTING AND DISPLAYING DATA 


Displays the following positions on a screen : Current positions of 
the tool in the workpiece coordinate system, relative coordinate 
system, and machine coordinate system, and the remaining distance. 
The relative coordinates can also be set on this screen. See III-12.1.2 


for the procedure. 


Procedure for displaying overall position display screen 


Procedure 


1 Press function key : 


2 Press soft key [ALL]. 
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Fig. 12.1.3 (a) Current position (overall) screen (M series) 
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Fig. 12.1.3 (b) Current position (overall) screen (T series) 
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Explanation 
- Coordinate display 

The current positions of the tool in the following coordinate systems 

are displayed at the same time: 

e Current position in the relative coordinate system 
(relative coordinate) 

e Current position in the work coordinate system 
(absolute coordinate) 

e Current position in the machine coordinate system 
(machine coordinate) 

e _ Distance to go (distance to go) 


- Distance to go 
The distance remaining is displayed in the MEMORY or MDI mode. 
The distance the tool is yet to be moved in the current block is 
displayed. 


- Machine coordinate system 
The least command increment is used as the unit for values displayed 
in the machine coordinate system. However, the least input increment 
can be used by setting parameter MCN (No. 3104#0). 


- Resetting the relative coordinates 
The total position display screen also supports the resetting of the 
relative coordinates to 0 or presetting of them to specified values. See 
the procedure for resetting the relative coordinates described in 
Subsection III-12.1.2 
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12.1.4 Workpiece Coordinate System Preset 


A workpiece coordinate system shifted by an operation such as 
manual intervention can be preset using MDI operations to a pre-shift 
workpiece coordinate system. The latter coordinate system is 
displaced from the machine zero point by a workpiece origin offset 
value. 

A command (G92.1) can be programmed to preset a workpiece 
coordinate system. (See II-7.2.4 in the section for programming.) 


Procedure for the workpiece coordinate system preset 


Procedure 
1 Press function key : 
2 Press soft key [(OPRT)]. 
3 Enter the axis name (x] {y] , +.) and [o] F 
4 Press soft key [PRESET]. 
Explanation 


- Operation mode 
This function can be executed when the reset state or automatic 
operation stop state is entered, regardless of the operation mode. 


- Presetting relative coordinates 


As with absolute coordinates, parameter PPD (No. 3104#3) is used to 
specify whether to preset relative coordinates (RELATIVE). 
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12.1.5 Actual Feedrate Display 


B-63944EN/02 


The actual feedrate on the machine (per minute) can be displayed on a 
current position display screen or program check screen. On the 12 
soft keys display unit, the actual feedrate is always displayed. 


Display procedure for the actual feedrate on the current position 


display screen 


Procedure 


1 Press the function key to display a current position display 


screen. 
displayed. 


At the location indicated by ! 


auteeen, 


bed , an actual feedrate is 





ACTUAL POSITION 


ABSOLUTE 


OWUN<xX 





Gea 
G1? 
G98 
G22 
G94 
G21 G5a 
G46 G6d 
Ga9. 1669 


G88 
G98 
G58 
G6? 
G9? 


GAO. 1 
G25 
Gi68 » 
G13. 1 
650.1 T 
G54. 2 
680.5 


on 


QO. 
Q. 
Q. 
QO. 
Q. 












00123 NOOOBA 


















MACHINE DISTANCE TO GO 
Q Q Q x 4. 688 x 4. 688 
Y 6. 888 Y 8. 688 
Q Q Q rs 8. 688 2 6. 688 
B 6. 688 B 4. 688 
c 8. 888 c 8. 888 


G00 
G00 
000 







ye 


De 2 oc en eee) a 






PARTS COUNT 953 
RUN TIME 12H15M33S 
CYCLE TIME 6H @M @S 
A> 


MEM STOP *#% 44 12: 66:06 | PATH1 








Fig. 12.1.5 (c) Current position (absolute) screen (M series) 
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Fig. 12.1.5 (d) Current position (absolute) screen (T series) 


- 1166 - 


B-63944EN/02 OPERATION 12.SETTING AND DISPLAYING DATA 


The actual feedrate is displayed in units of millimeter/min or inch/min 
(depending on the specified least input increment) under the display of 
the current position. 


Explanation 


- Actual feedrate value 
The actual rate is calculated by the following expression: 
n : Number of axes 


Fack= > (fi)? fi ; erate dere the tangential direction of 
= is or rapid traverse rate 


Fact : Actual feedrate displayed 
The display unit: 
mm/min (metric input). 
inch/min (Inch input, two digits below the decimal point are 
displayed.) 


- Actual feedrate display of feed per revolution 
In the case of feed per revolution and thread cutting, the actual 
feedrate displayed is the feed per minute rather than feed per 
revolution. 


- Actual feedrate display of rotary axis 
In the case of movement of rotary axis, the speed is displayed in units 
of deg/min but is displayed on the screen in units of input system at 
that time. For example, when the rotary axis moves at 50 deg/min, the 
following is displayed: 50 mm/min (in metric input) or 0.50 inch/min 
(in inch input). 


- Actual feedrate display on the other screen 
The program check screen also displays the actual feedrate. 
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12.1.6 Display of Run Time and Parts Count 


The run time, cycle time, and the number of machined parts are 
displayed on the current position display screens. 


Procedure for displaying run time and parts count on the current position display screen 


Procedure 
1 Press the function key to display a current position 


aeneeae 


display screen. At the location indicated by —_ a run time 
and parts count are displayed. 
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Fig. 12.1.6 (e) Current position (relative) screen (M series) 
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Fig. 12.1.6 (f) Current position (relative) screen (T series) 
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Explanation 
- PART COUNT 


- RUN TIME 


- CYCLE TIME 


OPERATION 12.SETTING AND DISPLAYING DATA 


The number of machined parts (PART COUNT), run time (RUN 
TIME), and cycle time (CYCLE TIME) are displayed under the 
current position. 


Indicates the number of machined parts. The number is incremented 
each time M02, M30, or an M code specified by parameter No. 6710 
is executed. 


Indicates the total run time during automatic operation, excluding the 
stop and feed hold time. 


Indicates the run time of one automatic operation, excluding the stop 
and feed hold time. This is automatically preset to 0 when a cycle start 
is performed at reset state. It is preset to 0 even when power is 
removed. 


- Display on the other screen 


- Parameter setting 


Details of the run time and the number of machined parts are 
displayed on the setting screen. See II-12.3.3. 


The number of machined parts and run time cannot be set on current 
position display screens. They can be set by parameters No. 6711, 
6751, and 6752 or on the setting screen. 


- Incrementing the number of machined parts 


Parameter PCM (No. 6700#0) is used to specify whether the number 
of machined parts is incremented each time M02, M30, or an M code 
specified by parameter No. 6710 is executed, or only each time an M 
code specified by parameter No. 6710 is executed. 
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12.1.7 Setting the Floating Reference Position 


Procedure 


Explanation 


To perform floating reference position return with a G30.1 command, 
the floating reference position must be set beforehand. 


Procedure for setting the floating reference position 


nABWN 


Press function key to display a screen used for displaying 


the current position. 

Move the tool to the floating reference position by jogging. 

Press soft key [(OPRT)]. 

Press soft key [SET FRP]. 

To register the floating reference positions for all axes, press soft 
key [ALLEXE]. 

To register the floating reference position of a specific axis, enter 


the name of the axis ( x] {y| , etc.), then press soft key 
[EXEC]. Two or more names can be entered consecutively (e.g., 


[EXEC]). 


The above operation stores the floating reference position. It can 
be checked with parameter (No. 1244). 
In step 4, the floating reference position along a specified axis 


can also be stored by entering the axis name (such as or 


) and pressing soft key [SET FRP]. 


- Presetting the relative coordinate system 
By parameter FPC (No. 1201#3), the relative position can be preset to 
0 when a floating reference position is registered. 
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12.1.8 Operating Monitor Display 


Procedure 


The reading on the load meter can be displayed for each servo axis 
and the serial spindle by setting parameter OPM (No. 3111#5) to 1. 
The reading on the speedometer can also be displayed for the serial 
spindle. 


Procedure for displaying the operating monitor 


1 ~~ Press function key . 


2 Press the continuous menu key (c}. 
3 __ Press soft key [MONI]. 
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Fig. 12.1.8 (g) Operating monitor (M series) 
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Explanation 


- Display of the servo axes 


- Display of the spindle axes 


- Unit of graph 


- Load meter 
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Fig. 12.1.8 (h) Operating monitor (T series) 


Servo axis load meters as many as the maximum number of controlled 
axes of the path can be displayed. One screen displays load meters 
for up to five axes ata time. By pressing the [MONITOR] soft key, 
load meters for the 6th axis and up are displayed. 


When serial spindles are used, the reading on the load meter and 
speedometer can be displayed only for the main serial spindle. 


The bar graph for the load meter shows load up to 200% (only a value 
is displayed for load exceeding 200%). The bar graph for the 
speedometer shows the ratio of the current spindle speed to the 
maximum spindle speed (100%). 


The reading on the load meter depends on servo parameter No. 2086 
and spindle parameter No. 4127. 
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- Speedometer 


- Color of graph 


OPERATION 12.SETTING AND DISPLAYING DATA 


Although the speedometer normally indicates the speed of the spindle 
motor, it can also be used to indicate the speed of the spindle by 
setting parameter OPS (No. 3111#6) to 1. 

The spindle speed to be displayed during operation monitoring is 
calculated from the speed of the spindle motor (see the formula below). 
The spindle speed can therefore be displayed, during operation 
monitoring, even when no position coder is used. To display the 
correct spindle speed, however, the maximum spindle speed for each 
gear (spindle speed at each gear ratio when the spindle motor rotates 
at the maximum speed) must be set in parameters No. 3741 to 
No.3744. 

The input of the clutch and gear signals for the first serial spindle is 
used to determine the gear which is currently selected. Control the 
input of the CTHIA and CTH2A signals according to the gear 
selection, by referring to the table below. 


(Formula for calculating the spindle speed to be displayed) 
Spindle speed displayed _ Speed of spindle motor = Maximum spindle speed 


during operation monitoring ~ }yaximum speed of * with the gear being used 


spindle motor 


The following table lists the correspondence between clutch and gear 
selection signals CTHIA and CTH2A, used to determine the gear 
being used, and parameters: 


CTH1A| CTH2A Parameter me ranepinde 
specification 
-NG.ot4i (Maximum spindle speed HIGH 
with gear 1) 


cae =No.3742 (Maximum spindle speed MEDIUM HIGH 


with gear 2) 


=No.3743 (Maximum spindle speed MEDIUM LOW 
with gear 3) 

1 1 Noi (Maximum spindle speed LOW 
with gear 4) 


The speed of the spindle motor and spindle can be displayed, during 
operation monitoring, only for the first serial spindle and the spindle 
switching axis for the first serial spindle. It cannot be displayed for the 
second spindle. 





If the value of a load meter exceeds 100%, the bar graph turns purple. 
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12.1.9 Display of Manual Feed for 5-axis Machining (Tool Tip 
Coordinates, Number of Pulses, Machine Axis Move Amount) 


Procedure 


The absolute coordinates of the tool tip, the number of pulses, and a 
machine axis move amount based on manual feed for 5-axis 
machining are displayed. 


Displaying the screen for manual feed for 5-axis machining 


3 


Press function key . 


Press the continuous menu key (=) several times to display 
the [SAXIS MANUAL] soft key. 

Press the [SAXIS MANUAL] soft key to display the screen of 
manual feed for 5-axis machining. 





-AXIS MANUAL FEED OO123 NOUOOOBD 


TIP POSITION 










MACHINE AXIS ABSOLUTE MACHINE 







TIP CENTER 














Gea 
G1? 
G98 
G22 
G94 
G21 
G48 
Gag 





X1 6.686] Ci 6.006 | Xi 6.686] X1 @. 888 
¥1 @. 88} C2 6.000 | Yi 6.006] Y1 6. 888 
21 —160. 680 21 4.606} 21 6. 808 

TOOL AXIS TABLE Ci 6.608] AL 6. 608 
™D @. 888 UR 6.0090 | A1 6.606} Bi 6. 668 
R1 6.066 | Hi 6. 888 
































6. 668 6. 688 TOOL LENGTH OFFSET 1088. 888 MM 





MODAL F Qrevatn 


68a GiS) F M 
698 Gdo.1 S (Fe 
650 G25 
ee pee D PARTS COUNT 238 
G54 G50.1 T RUN TIME 9H14Na9S 
G64 654.2 CYCLE TIME @H OM 8S 
G69 680.5 - 

MEM STOP *%* ++ 12:00:00 








Fig. 12.1.9 (a) Screen of manual feed for 5-axis machining 
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Explanation 
- Tool tip position 


OPERATION 12.SETTING AND DISPLAYING DATA 


The addresses of the three basic machine configuration axes for 
performing manual feed for 5-axis machining and the current position 
of the tool tip are displayed. 


- Tool axis reference (number of pulses) 


TD 


R1 


R2 


The amount of travel in the tool axis direction in tool axis 
direction handle feed, tool axis direction jog feed, or tool axis 
direction incremental feed is displayed. 

The unit is the least input increment of the axis in the direction 
specified by parameter No. 19697. 


The amount of travel in the first axis direction in tool axis 
right-angle direction handle feed, tool axis right-angle direction 
jog feed, or tool axis right-angle direction incremental feed is 
displayed. 

The unit is the least input increment of the axis in the first axis 
direction normal to the direction specified by parameter No. 
19697. 


The amount of travel in the second axis direction in tool axis 
right-angle direction handle feed, tool axis right-angle direction 
jog feed, or tool axis normal direction incremental feed is 
displayed. 

The unit is the least input increment of the axis in the second axis 
direction normal to the direction specified by parameter No. 
19697. 


- Tool tip center (number of pulses) 


C1 


C2 


The angular displacement in tool tip center rotation handle feed, 
tool tip center rotation jog feed, or tool tip center rotation 
incremental feed for rotation of the first rotary axis is displayed. 
The unit is the least input increment of the first rotary axis. 


The angular displacement in tool tip center rotation handle feed, 
tool tip center rotation jog feed, or tool tip center rotation 
incremental feed for rotation of the second rotary axis is 
displayed. The unit is the least input increment of the second 
rotary axis. 
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- Table reference (number of pulses) 


VR 
The amount of travel in the table reference vertical direction in 
table reference vertical direction handle feed, table reference 
vertical direction jog feed, or table reference vertical direction 
incremental feed is displayed. 
The unit is the least input increment of the axis in the direction 
specified by parameter No. 19697. 


H1 

The amount of travel in the first axis direction in table reference 
horizontal direction handle feed, table reference horizontal 
direction jog feed, or table reference horizontal direction 
incremental feed is displayed. 

The unit is the least input increment of the axis in the first axis 
direction normal to the direction specified by parameter No. 
19697. 


H2 

The amount of travel in the second axis direction in table 
reference horizontal direction handle feed, table reference 
horizontal direction jog feed, or table reference horizontal 
direction incremental feed is displayed. 

The unit is the least input increment of the axis in the second axis 
direction normal to the direction specified by parameter No. 
19697. 


- Amounts of machine axis travel 


The addresses of machine configuration axes used for manual feed for 
5-axis machining and the sum of the amount of travel of each axis 
used for manual feed for 5-axis machining are displayed. 

The values of the basic three axes (X-axis, Y-axis, and Z-axis), the 
first rotary axis, and the second rotary axis are displayed in this order. 
For the definition of the first rotary axis and second rotary axis, see 
the description of parameter No. 19680. 

When bit 0 (CLR) of parameter No. 13113 is set to 1, the displayed 
data is cleared by a reset. 


- Absolute coordinates, machine coordinates 


- F (feedrate) 


The absolute coordinates and machine coordinates of all axes are 
displayed. If too many axes are involved for display on one screen, 
the remaining axes can be displayed by pressing the [S5AXIS 
MANUAL] soft key for page feed. 


e When bit 3 (CFD) of parameter No. 13113 is set to 0 
The composite feedrate at a control point on a linear axis or 
rotary axis is displayed. 

e When bit 3 (CFD) of parameter No. 13113 is set to 1 
The feedrate of the tool tip is displayed. 


- 1176 - 


B-63944EN/02 OPERATION 12.SETTING AND DISPLAYING DATA 


Operation 


The display of the number of pulses can be cleared by soft key 
operations. 


1 ~~ Press the [(OPRT)] soft key. 


MONITO nila COPRT)| Ei 
R 


2 Select the soft key corresponding to a function subject to clearing 
of the amount of travel. Pressing the rightmost soft key 
displays the second page. 


3. Press the [ERASE] soft key to clear the amount of travel of the 
specified function. Press the [CAN] soft key to cancel erase 
operation. 
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12.2 SCREENS DISPLAYED BY FUNCTION KEY 





This section describes the screens displayed by pressing function key 


. The screens include a program editing screen, program folder 


list display screen, and screens for displaying the command states of 
the program currently being executed. 


1. 


2s 
3. 
4 


Program screen 

Program list screen 

Next block display screen 
Program check screen 


On the program screen, you edit the program that is currently selected, 
and display the block that is currently executed during program 
operation. In MDI mode, you also edit an MDI operation program, 
and display the block that is currently executed. 
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12.2.1 Program Contents Display 
Displays the program currently being executed in MEMORY mode. 


Displaying the program being executed 


Procedure 
1 Press function key to display the program screen. 


2 Press chapter selection soft key [PROGRAM]. 
The cursor is positioned at the block currently being executed. 


eo 00123 NOO456 


Y¥-13419722675; 
¥-12429823791; 





X-553d84 Y-153996 2-14724 Faged. : ¥-11958424258 ; 
2-14824; ¥-11864125268 ; 
¥-1515212-14945; Y¥-11722726462 ; 
Y-1586962-11579; ¥-11581227468 ; 
¥-1582252-9852; ¥-11439828291; 
¥-1497532-8581; ¥-11298428948 ; 
Y-1498462-7896 ; ¥-11157829470; 
Y-1483392-5886 ; Y¥-11615629863 ; 
¥-1469252-3975; Y-188741216147; 
¥-1455112-2496; Y¥-107327210315; 
¥-1448972-1291; Y¥-97899210924 ; 
Y¥-1426822-307 ; ¥-9'7428211464 ; 
Y¥-1412682585 ; ¥-91864227183; 
¥-13985421176; ¥-983572287682 ; 


Y¥-13844021707; 
Y-13762622126; 
¥-13561122439; 


Y-89649230075 ; 
¥-88942231316; 
¥-87528233466 ; 





A> 


MEM STOP *** **« 12:66:66} PATH1L 


PROGRM|SEQ NO 
SEARCH | SEARCH 














Fig. 12.2.1 (a) Screen for displaying the program being executed 
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12.2.2 Editing a Program 


A program can be edited in the EDIT mode. 

Two modes of editing are available. One mode is word editing, 
which performs word-by-word editing. The other is character editing, 
which performs character-by-character editing. 

For program creation and editing operation, see Chapter TIII-9, 
"CREATING PROGRAMS " and Chapter [I-10, "EDITING 
PROGRAMS". 


Displaying the program editing screen 


Procedure 


- Word editing 


1 Press function key to display the program screen. 
2 Press chapter selection soft key [PROGRAM]. 


Editing operations such as text insertion, modification, and deletion, 
and cursor movements are performed on a word-by-word basis. 


PROGRAM 00123 NOUOOGBD 


1068688123 ; 

IN456 G98 GBB X-554378 Y—-154363 
2150888 ; 

¥-154363 ; 








Y¥—-141268 2585 ; ‘A 
¥-139854 21178 ; 
Y¥-138d448 21787 ; 
Y¥-137626 22126 ; 
Y¥-135611 22439 ; 
Y¥-134197 22675 ; 
¥-124298 23791 ; 
¥—-119584 24258 ; 
¥-118641 252808 ; 
Y¥-117227 26462 ; 





25357 ; 
IN622 GB1 X-554378 Y-154363 2-14643 
Fi5e@ ; 


IX-553484 Y-153996 2-14724 Fagee : 
2-14824 ; 

¥-151521 2-14945 ; 

Y-158696 2-11579 ; 

Y¥—-158225 2-9852 ; 

Y¥—149753 2-8581 ; 

Y-149846 2-7098 ;: 

Y-148339 2-5886 ; 

Y¥-1d46925 2-3975 ; 

¥—-145511 2-2498 ; 





¥—144897 2-1291 ; Y¥-97899 218924 ; 
¥-142682 2-307 ; ¥-97428 211464 ; 
x 
A> 
EDIT STOP *** **« 12:66:06} PATH 














Fig. 12.2.2 (a) Program word editing screen 
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- Character editing 


OPERATION 12.SETTING AND DISPLAYING DATA 


Program editing operations and cursor movements are performed on a 
character-by-character basis as with a general text editor. 
Text is input directly to the cursor position instead of using the key 


input buffer. 





IPROGRAM 


1088888123; 
IN456G98G88X-554378Y - 1543632158886 ; 


25357; 

IN622G81X-554378Y -1543632-14643F 158; 
X—553484¥—-1539962-14724F 4088 ; 
2-14824 ; 


¥—-1515212-14945; 





PROGRM NEW 
SEARCH PROGRM 


Fig. 12.2.2 (b) Program character editing screen 





00123 NO@O456 





¥-13844621767 ; 


Y¥-13'762622126; 


Y¥—-13561122439; 
Y¥-13419722675 ; 
Y¥—-12429823791; 
¥—11958424258 ; 
¥—11864125268 ; 
¥—-11722726462; 
¥—11581227468 ; 
¥—11439828291; 
¥—11298428948 ; 
¥-11157829476 ; 
Y-11615629863 ; 
Y¥-168741216147; 
Y¥—187327218315; 
—978992168924 ; 
—97428211464; 


== 


FILE: 7“CNC_MEM/USER/PATH1/06123 


INSERT MODE 
A> 


EDIT STOP *** *** 









LINE | INPUT 
NUMBER | MODE 


Switching between program editing modes 


Procedure 


2 


12:66:66} PATH1 





You can switch between word editing and character editing with soft 


keys. 

1 Press function key to display the program screen. 
2 Press chapter selection soft key [PROGRAM]. 

3 ___- Press operation soft key [((OPRT)]. 

4 


Pressing the [CHANGE EDITOR] operation soft key switches 


the editing mode between word editing and character editing. 
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12.2.3 Program Screen for MDI Operation 


During MDI operation or editing of an MDI operation program in the 
MDI mode, the program currently being executed mode is displayed. 
For MDI operation, see Section HI-4.2, "MDI Operation". 


Procedure for displaying the program screen for MDI operation 


Procedure 


1 Press function key ; 


2 Press chapter selection soft key [PROGRAM]. 
The program input from the MDI is displayed. 




















PROGRAM 
00123 N@OOB2 
loaeea : A 
X108.0 2108.8 ; 
Ge1 2120.8 F588 
M98 P9B18 
Ga 20.0 
va 
x 
a> 
MDI STOP #%% ¥% 12:08:00] PATH1 
SELECT |PASTE LINE REPLCE] fT TT 
SEARCH SEARCH | SEARCH 


Fig. 12.2.3 (a) MDI operation program screen 
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12.2.4 Program Folder Screen 


OPERATION 12.SETTING AND DISPLAYING DATA 


A list of programs registered in the program memory is displayed. 
For the program folder screen, see Chapter IH-11, "PROGRAM 


MANAGEMENT". 


Displaying the program folder screen 


Procedure 


1 - Press function key ; 
2 


Press chapter selection soft key [FOLDER]. 





IPROGRAM FOLDER 


DEFAULT FOLDER 
FOREGROUND: 


ig balepreoibi eg 


BACKGROUND: //CNC_MEM/USER/PATH1/ 


00123 NOOOOG 





DEVICE SELECTI|CNC_MEM pee PAGE 


REE PAGE 


PROGRAM LIST 
RETURN TO UPPER FOLDER 
SHAFT_61 
SHAFT _62 
02888 





FORE |BACK |MAIN |DETAIL 
CHANGE | CHANGE | PROGRM | ON 
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€ CURRENT FOLDER: /USER/PATH1/ > 





134 [KBYTE] 
1(KBYTE] 


USED FOLDER 
FREE FOLDER 


15 
246 


<FOLDER> 
A(KBYTE] 2003/05/26 16:19: 
A[KBYTE] 2063/05/28 16:19: 
1A[KBYTE] 2003/05/21 17:51: 





A> 


EDIT STOP *** *** 





12:66:66} PATH1 


PROGRM 
CNDENS 





CREATE | CREATE | DELETE 
PROGRM | FOLDER 


Fig. 12.2.4 (a) Program folder screen 
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12.2.5 Next Block Display Screen 


Displays the block currently being executed and the block to be 
executed next. 


Procedure for displaying the next block display screen 


Procedure 
1 Press function key . 


2 Press chapter selection soft key [NEXT]. 
The G codes, addresses, command values specified in the block 
currently being executed and the next block are displayed. 


ACTUAL POSITION 00123 NOO456 


ABSOLUTE F Ss 9 6 4 etnin 


-548 Ad 1 1 6 PARTS COUNT 8121 


RUN TIME 19H23M36S 

CYCLE TIME 6H 6M BS 

CURRENT BLOCK 

G1 xX 17.568] G39 I -17. 508 
4088 | Gda2 












G49.1G69 G88.5 A> 


MEM STRT MTN *** 12:66:68} PATH1 


Fig. 12.2.5 (a) Next block display screen 
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OPERATION 12.SETTING AND DISPLAYING DATA 


12.2.6 Program Check Screen 


Procedure 


Explanation 
- Program display 


- Current position display 


- Modal G codes 


Displays the program currently being executed, current position of the 
tool, and modal data. 


Procedure for displaying the program check screen 


1 Press function key . 


2 Press chapter selection soft key [CHECK]. 
The program currently being executed, current position of the 
tool, and modal data are displayed. 


PROGRAM® CHECK > 00123 NQO456 












RELATIVE ABSOLUTE | 
x1 -55d. 378 x4 -55d. 378 Ee alt 5 Drevin 
¥1 -154. 363 ¥1 -154. 363 PARTS COUNT 8121 
21 —G. 343 “21 -@. 343 RUN TIME 19H23M36S 
Al 6. 680 AL 8. 688 CYCLE TIME GH @M OS 






PROGRAM 





DISTANCE TO GO 





MACHINE 





















X1 —-554. 378 X1 8. 688 

va 154. 363 ¥1 8. 888 = 
ral ~9. 343 #241 -14. 3008 sprees Y-153996 2-14724 Fa@ad. ; 
AL 6. 668 AL 8. 668 3 





¥-1515212-14945; 
¥-1506962-11579; 
MODAL ¥-1502252-9852: 
MMMcso cis F ree ee ¥-1497532-8581 ; 
¥-1498462-7090:; 
Gi? G98 Gda.4 
¥-1483392-5886 ; 
698 G50 G25 : 
¥-1469252-3975: 
G22 G67 Gi60 » : 
¥-1455112-2490:; 
G94 G97 G13.4 : 
¥-1440972-1291; 
G21 G54 650.1 T oR 
G40 G6ad G54.2 : 


Gd9.1G669 G88.5 A> 










MEM STRT MTN *** 12:66:06) PATH1 


Fig. 12.2.6 (a) Program check screen 











The program currently being executed is displayed. 
The block being executed is displayed in reverse video. 


The current position in the relative coordinate system, workpiece 
coordinate system, and machine coordinate system, and the remaining 
amount of travel are displayed. 


Up to 24 modal G codes are displayed. 
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12.2.7 Background Editing 


Function 


- Background editing 


Editing one program during execution of another program is referred 
to as background editing. You can perform the same edit operations 
in the background as those in normal editing (foreground editing). 


On a 10.4” or 15” display, you can perform background editing for the 
programs displayed in multiple tiled windows. You can switch from 
a program displayed in one of the tiled windows to another to perform 
copy, paste, and other edit operations, which allows you to edit 
programs efficiently. 

You can edit two programs simultaneously on a 10.4” display or four 
programs on a 15” display. 


A program other than the currently selected program can be edited. 
Background editing can be performed in any mode. 


- Program selected in the foreground 


If the program selected in the foreground is specified as a program to 
be edited in the background, background editing is started in the 
read-only mode. The text at an arbitrary position of the program 
currently being executed can be checked. 


- Switching from the program directory screen to the editing screen 


By selecting a program from the program directory screen, 
background editing can be started. 

On the program directory screen, move the cursor to a program to be 
edited in the background, then press the MDI key [INPUT]. The 
screen display switches to the background editing screen. 

Background editing can be started without entering a program name. 


- Background editing on a multi-path system 


Background editing does not depend on the path. 

Even if the path to be operated is changed using the path selection 
signal, the background editing currently being executed is just 
continued. 
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Display 


- Word editing 


OPERATION 12.SETTING AND DISPLAYING DATA 


When background editing starts, the ordinary program editing screen 
switches to the background editing screen. 

When two or more programs are edited in the background, the screen 
is split to display these programs. For a 10.4” display, you can edit 
two programs simultaneously; for a 15” display, you can edit four 
programs simultaneously. 


Fig. 12.2.7 (a) shows background word editing performed 
simultaneously for two programs (right and left programs). On the 
status line at the top of the window for each program, the program 
name and “BG-EDIT” (indicating background editing in progress) are 
displayed. 

The status line of the program being edited is displayed in reverse 
video. 


PROGRAMCWORD> 00123 NOOOBOd 


016008 €BG-EDIT> 01603 €BG-EDIT> 


IN@61 GIB GBB X-554378 Y—-154363 
2158088 ; 








€ROBO-DRILL—NANO-SMOOTHING-DEMO REV 
IERSE> ; 


IX—554378 Y—-154363 ; €SHIAGE-NANOSMOOTHING? ; 
25357 + G5.1 Q3 X68 Y8 26 ; 
IN622 GB1 X-554378 Y-154363 2-14643 ; 
Fi5e@ ; #568=168.68 ¢X-LENGTH? ; 
X-553484 Y-153996 2-14724 Faeee ; #561=708.8 €Y-LENGTH? ; 
2-14824 ; #562=26.6 €2X-DEPTH? ; 
Y¥-151521 2-14945 ; #563=5.8 €2-UP> ; 
Y-158696 2-11579 ; #584=2.8 €X-INCREMENT? ; 
Y¥-158225 2-9852 ; #585=8. 1 ¢Y-INCREMENT> ; 
Y¥-149753 2-8581 ; #566=18.6 €¥YZ-DEPTH? ; 
Y-149846 2-7698 ; 3 
Y¥—-148339 2-5886 : #516=6 ¢X-END-POSITION? ; 
Y¥-146925 2-3975 ; 511=8 <Y-END-POSITION? ; 
¥—-145511 2-2498 ; #512=8 ¢2-END-POSITION? ; 
a) x 
A> 
MEM STOP *** **% 12:66:66} PATH1 














Fig. 12.2.7 (a) Background editing screen (word editing) 
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- Character editing 


- Editing status 


Fig.12.2.7(b) shows background character editing performed 
simultaneously for two programs (right and left programs). Similarly 
to word editing, at the top of the window for each program, the status 
line is displayed. In addition, the current input mode (INSERT 
MODE or OVERWRITE MODE) is displayed at the upper right of 
the screen for character editing. 

The status line of the program being edited is displayed in reverse 
video. 

















|PROGRAMCCHAR> O Q 4. = 3 N Q Q Q Q Q 
INSERT MODE 
01161 ¢BG-EDIT> 
A pasee lsat eae aet LL-NANO-SMOOTHING- A 
DEMO REVERSE> ; 
X-554378Y -154363; CARA? ;: 
25357; GS. 101; 
IN622G61X-554378Y —-1543632-14643F 156: H 
X—-553484Y -1539962-14724F 4006 ; #566=168. @¢X-LENGTH> ; 
I2-14824; #561=76. 6CY—-LENGTH> ; 
¥-1515212-14945; #562=268. @€Z2X-DEPTH? ; 
'Y-1586962-11579; #563=5. @CZ2-UP>; 
¥-1582252-9852 ; #564=2. 8CX-INCREMENT >; 
Y¥-1497532-8581; #585=2. @CY-INCREMENT > ; 
Y-1498462-7696 ; #566=18. 8CY2—DEPTH>; 
¥-1483392-5886 ; 3 
¥-1469252-3975; #516=6¢ X-END-POSI TION? ; 
Y¥-1455112-2498; #511=8¢ Y-END-POSI TION? ; 
¥-1440972-1291; #512=6¢2-END-POSI TION? ; 
'¥—1426822-387; #515=3008. @CFEEDRATE>; 
7 z 
A> 
MEM STOP **#* ##% 12:66:66] PATH1 
tit] to Pee eee 








Fig. 12.2.7 (b) Background editing screen (character editing) 


The following items are displayed on the status line and program 
editing area according to the background editing status. 


No program (BG-EDIT) 
selected “NO PROGRAM’ is displayed in the editing area. 
Program opened program-name + (BG-EDIT) 
Read-only program program-name + (BG:READ ONLY) 
opened The contents of the program are displayed in green. 
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OPERATION 12.SETTING AND DISPLAYING DATA 


Starting background editing from the editing screen 


Procedure 


Explanation 


Method 1 
1 ~~ Press function keylpaod ; 


2 Press soft key [PROG]. 

3 Press soft key [(OPRT)], then soft key [BG EDIT]. 

4 Press soft key [PROGRM SEARCH] to select a program to be 
edited. 


Method 2 (only for word editing) 
1 Press function key|PRoe} . 


2 Press soft key [PROG]. 
3. Key in the name of a program to be edited in the background. 
4 Press soft key [BG EDIT]. 


When background editing has already started and editing start 
operation is performed again, the program being edited and newly 
specified program are edited simultaneously. 


When a program name is input in the key-in buffer, background 
editing for the program starts. When the specified program is not 
found, a new program is created and background editing starts. 

When background editing is started with no program name specified, 
new background editing starts in the no program state. Perform a 
program search or create a new program. 

When character editing is selected, background editing starts in the no 
program state first. Perform a program search or create a new 
program. 
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Starting background editing from the program directory screen 


You can select a program from the program directory screen to start 
background editing. The cursor is used to select a program. You 
do not need to enter a program name. 


Procedure 
Press function keylpaod . 


Press soft key [FOLDER]. 

Move the cursor to a program to be edited. 

Press the MDI key [INPUT]. The screen display is switched to 
the background editing screen. 


BRWN 









DEVICE : CNC_MEM € CURRENT FOLDER: /USER/PATH1/ > 
06168 ACKBYTE] 2004/61/22 09:10:48 a 
06188 ALKBYTE] 2004/61/22 69:16:50 
06288 ACKBYTE] 2664/61/22 89:16:54 











Background editing operation 


- Editing operation 
The same editing operations as performed in the foreground can be 
performed. 


- Switching from a program to another for editing 
To switch from a program to another for editing when editing multiple 


programs simultaneously in the background, press | SHIFT), then +] 
x [=] 


- Editing operation in the read-only mode 
Cursor movement and page switching are possible. However, 
program editing is disabled. 


- Copying and pasting text between programs 
Text in a program selected and copied during program editing is kept 
held after the program to be edited is changed. You can paste text in 
a program onto another program. 
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Background editing end operation 


Background editing can be ended using the procedure described 
below. 
The procedure for ending background editing of one program and that 
for ending all background editing of multiple programs are shown 
below. 


- Ending editing of one program 
1 Press function keylpaod : 


2 Press soft key [PROG]. 
3 Select a program for which to end editing. 
4 Press soft key [(OPRT)], then soft key [BG EDIT]. 


- Ending editing of all programs 
1 Press function keylPaod : 


2 Press soft key [PROG]. 
3 Press soft key [(OPRT)], then soft key [ALL BG END]. 


To return to ordinary foreground editing, end all background editing. 


If at least one program is being edited in the background, you cannot 
return to foreground editing. 
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12.2.8 Stamping the Machining Time 


The execution times of the most recently executed ten programs can 
be displayed in hours, minutes, and seconds. 

The calculated machining time can be inserted as a comment of the 
program to check the machining time on the program directory screen. 


Procedure for stamping the machining time 


Procedure 
- Displaying the machining time 
1 
2 
3 


Press function keylpaod ; 


Press the rightmost soft key (=) several times to display soft 
key [TIME]. 

Press soft key [TIME]. 
appears. 


The machining time display screen 





Gea 
G1? 
G98 
G22 
G94 
G21 
Ga8 
Gag 








- Calculating the machining time 


1 
2 


ACTUAL POSITION 


S 
ABSOLU|RELATI§ ALL #HANDLE 
E VE 


00123 NOOOOG 








ABSOLUTE F Q 
MM/MIN 
Q ° 121%) PARTS COUNT : 8 
DB. GOO oie rine or 










PROGRAM¢ TIME > 


Q.000\m 
Q.QQOI cores 
Q.Q@0 


TIME 
686HEENaBS 


MODAL 
G15. OF M 
Gade. 1 
G25 
G166 p 
G13.1 
G50.1 T 
G54.2 


688.5 3 


G88 
G98 
658 
G67 
G9? 
G54 
G64 


G69 A> 


@/MIN MEM STOP *«** *#+ 12:66:68 


a | | tt 


Fig. 12.2.8 (a) Machining time display screen 








Select the memory operation mode, then press the key. 


Select the program screen, then select a program of which 
machining time you want to calculate. 
Execute the program to perform actual machining. 


When the 


machining time count operation stops. When the machining 
time display screen is selected, the program number of the 
stopped main program and its machining time are displayed. 


key is pressed or, M02 or M30 is executed, the 
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5 The following figure shows the screen when the machining times 
of the ten main programs 00020, 00040, ..., and 00200 are 
displayed and the screen when the machining time of 00220 is 
newly calculated after that. 


ACTUAL POSITION 0g 1 23 NQGOOOG 


ABSOLUTE F ican 


x Q ° 121%) PARTS COUNT 8 
ue OB. GOO) woe Tine of OF 85 
Z %4) a 0oB0 " PROGRAM TIME > 

B Q ° 211%) oeaze 812Ha8Ne1S 
B . DOO) ocece padtiienons 


oaes8ea 6866H16M81S 





















09100 @01H20M@1S 

MODAL 00120 ge2Hasna2s 

Gao G88 Gi5 FF 1900.900 M ne1aa 902H32Ma1S 
G1? G98 Gd0.1 | 09160 @G8H51M@1S 
G98 G58 G25 09180 @15H@aMa1s 
G22 G6? Gi68 p 09200 @@6H56NG1S 


G94 G9? Gi3.1 
G21 G54 650.1 T 
G46 G6d G5d.2 Ss 
G49 G69 G88.5 


A> 


6/MIN MEM STOP *** ##% 12:66:68 


y “Men_sToP cx. +++] [12:80:00{ | 
Fee Pp IP LL bE bf] 
E VE 


ACTUAL POSITION OO@123 NQGOOOG 
ABSOLUTE | nn Ar" 


PARTS COUNT 8 
RUN TIME 6H OM 8S 
CYCLE TIME 6H OM 8S 

PROGRAMC TIME > 


NO. TIME 
Q eo G00 oa84a @86H48NG1S 
09868 684H16M81S 


oa88ea 686H16M81S 
00168 681H26M81S 


08168 686H51N81S 
06188 615H@4NB1S 
06288 @86H56N81S 
06228 666H83N81S 





A> 


6/MIN 


EDIT STOP *** *** 12:66:68 


E VE 


Fig. 12.2.8 (b) Stamping the machining time 
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Procedure for inserting the machining time on the program screen 


Procedure 


You can display the machining time of a program as a comment of the 
program. The procedure is shown below: 


1 


To insert the calculated machining time of a program as a 
comment, the machining time of the program must be displayed 
on the machining time display screen. Before stamping the 
machining time of the program, check that the program number 
is displayed on the machining time display screen. 

Set the edit mode or background editing state and select the 
program screen. Then, select a program of which machining 
time you want to insert. 

Suppose that the machining time of 00100 is displayed on the 
machining time display screen. 

Press soft key [(OPRT)] to display the operation soft keys. 
Then, press the rightmost soft key several times to display soft 
key [INSERT TIME]. Press soft key [INSERT TIME]. The 
beginning of the program is displayed and the machining time of 
the program is inserted after the program name. 
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PROGRAM OB1B0 NOBOGBYD 






Press [INSERT TIME]. 
oo 00100 NOOB2A 





Fig. 12.2.8 (c) Program screen 
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4 If a comment is written in the block containing the program 
number of a program of which machining time is to be inserted, 
the machining time is inserted after the comment. 





PROGRAM OB1B0 NOBOBD 





Press [INSERT TIME]. 
jie 00100 NOOB2A 








Fig. 12.2.8 (d) Program screen 
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Display on the program directory screen 


The machining time of a program inserted in the program as a 
comment is displayed after the existing comment of the program on 
the program directory screen. 


aaa aca 00123 NOOUBA 
FOREGROUND FOLDER //CNC_MEM/USER/PATH1/ 
BACKGROUND FOLDER //CNC_MEM/USER/PATH1/ 

USED PAGE ?CKBYTE] USED FILES 24 

FREE PAGE 8284 [KBYTE] FREE FILES 3987 


€ CURRENT FOLDER: /USER/PATH1/ > 























WSU) fo SS Oe 


086286 2004/61722 09:38:48 
<GEAR XGRB 3: €812H48M681S> 1{KBYTE] 
oeeae 2004/61/22 69:12:52 
€GEAR XGR@GB2 >: €@BBH48MG1S> 1{KBYTE] 
08868 2064/61/22 69:13:16 
€BOLT YBT@61 3: (864H16M681S> 1[KBYTE] 
osese 2004/61/22 89:13:52 
«BOLT YBT@62 >: C@BBH16MN81S> A{KBYTE] 
061686 2004/61722 09:14:20 


€SHAFT XSF@81 : €861H26M81S> 1[KBYTE] 





A> 







EDIT STOP *** **« 12:06:08 


FORE |BACK |MAIN |DETAIL CREATE | CREATE PROGRM 
CHANGE | CHANGE | PROGRM | OFF PROGRM | FOLDER CNDENS 


Fig. 12.2.8 (e) Program directory screen 
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Explanation 
- Machining time 


The machining time is counted from the initial start after a reset in the 
memory operation mode to the next reset. If a reset is not performed 
during operation, the machining time is counted from the start to M02 
(or M30). The time during which operation is held is not counted, 
but the time used to wait for the completion of the M, S, T, and/or B 
functions is counted, however. 


- Stamping the machining time 


- Program directory 


Limitation 
- Alarm 


- M02 


You can insert (stamp) the displayed machining time in a program 
stored in memory as acomment. The machining time is inserted as a 
comment after the program number. 


You can display the machining time inserted after a program number 
on the program directory screen. This operation lets you know the 
machining time of each program to use the time as useful reference 
data when planning processes on site. 


The execution of a program may be held by an alarm during the 
machining time count operation. In this case, the machining time is 
counted until the alarm is released by a reset. 


It may be specified that M02 does not reset the CNC, but returns 
completion signal FIN to the CNC to restart the program from the 
beginning successively (bit 5 (M02) of parameter No. 3404 is set to 0). 
In this case, when M02 returns completion signal FIN, the machining 
time count operation stops. 


- Stamping the machining time 


When an attempt is made to stamp the machining time of a program in 
the program, the machining time of the program may not be displayed 
on the machining time display screen. In this case, the machining 
time cannot be inserted in the program even if soft key [INSERT 
TIME] is pressed. 


- Correcting the machining time 


If an incorrect machining time is calculated (such as when a reset is 
made during the execution of a program), reexecute the program to 
calculate the correct machining time. The same program number 
may be displayed in two or more lines on the machining time display 
screen. In this case, the latest calculated machining time is inserted 
in the program. 
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- How a stamped machining time in each special state is displayed on the program 


directory screen 


In the following states, the stamped machining time is displayed on 
the program directory screen as shown below. 


1 When the comment of a program is longer than 16 characters 


The 17th and subsequent characters of the comment are discarded 
and the machining time display field is left blank. 


00240 NOOU22 





IPROGRAM 






€@61H20MB1S> ; 
IN16 G92 X168. 216. ; 

IN26 S1586 M@3 ; 

IN3@ GBB X28.5 25. 16161 ; 

IN4@ G1 2-18. F25. ; 

INS@ G@1 X16.5 2-12. R2. ; 

IN6@ G1 xae. ; 

IN7@ X42. 2-13. ; 








A> 


EDIT STOP *** *** 12:66:88 











(laa 00123 NOOUBA 
FOREGROUND FOLDER //CNC_MEM/USER/PATH1/ 
BACKGROUND FOLDER //CNC_MEM/USER/PATH1/ 
USED PAGE ?CKBYTE] USED FILES 24 
FREE PAGE 8284 [KBYTE] FREE FILES 3987 


DEVICE : CNC_MEM € CURRENT FOLDER: /USER/PATH1/ > 


€SHAFT XSF361 MATERIAL=FC25 ...3:¢ 1[KBYTE] 


A> 


EDIT STOP *** *** 12:06:68 








FORE |BACK |MAIN |DETAIL CREATE | CREATE | DELETE PROGRM 
CHANGE | CHANGE | PROGRM | OFF PROGRM | FOLDER CNDENS 


Fig. 12.2.8 (f) 1. Whena program name is longer than 16 characters 
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2 When two or more machining times are stamped 
The first machining time is displayed. 





PROGRAM OB260 NOBOOGBD 


a 
a 











Fig. 12.2.8 (g) 2. When two or more machining times are stamped 
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3. When the format of an inserted machining time is not 
“hhhHmmMsssS” (H following a 3-digit number, M following a 
2-digit number, and S following a 2-digit number, in this order) 
The machining time display field is left blank. 


PROGRAM OB@280 NOOOGBD 


(08286 <SHAFT XSF303> 
IN1@ G92 X18. 218. ; 
IN16 G92 X188. 2108. ; 
IN26 S1566 M83 ; 

N38 GAB X26.5 25. 16181 ; 
IN46 G1 2-18. F25. ; 

INS@ G@1 X16.5 2-12. R2. ; 
IN6@ GO1 x4ae. ; 











A> 


EDIT STOP *** *#** 12:06:68 
















(ee 00123 NOOUB2 
FOREGROUND FOLDER //CNC_MEM/USER/PATH1/ 
BACKGROUND FOLDER //CNC_MEM/USER/PATH1/ 
USED PAGE 8[KBYTE] USED FILES 26 
FREE PAGE 8283 [KBYTE] FREE FILES 3985 


€ CURRENT FOLDER: /USER/PATH1/ > 











DEVICE : CNC_MEM 










SHAFT XSF3682 >: €881H15M59S> 1[KBYTE] 
06288 2004/61/22 10:39:48 
{SHAFT XSF363 3e > ALKBYTE] 





A> 







EDIT STOP *** *** 12:06:68 


FORE |BACK |MAIN |DETAIL CREATE | CREATE | DELETE PROGRM 
CHANGE | CHANGE | PROGRM | OFF PROGRM | FOLDER CNDENS 


Fig. 12.2.8 (h) When the format of an inserted machining time is not 
“hhhHmmMssS” (H following a 3-digit number, M following a 2-digit 
number, and S following a 2-digit number, in this order) 
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12.3. SCREENS DISPLAYED BY FUNCTION KEY 





Press function key to display or set tool compensation values 


and other data. 
This section describes how to display or set the following data: 


Tool compensation value 
Settings 

Sequence number comparison and stop 
Run time and part count 
Workpiece origin offset value 
Custom macro common variables 
Software operator's panel 

Tool management data 

. Display language switching 

0. Protection of data at eight levels 
1. Precision level selection 


OO OR a Ne 


The software operator's panel, display language switching, and 
precision level selection depend on the specifications of the machine 
tool builder. See the manual issued by the machine tool builder for 
details. 
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12.3.1 Displaying and Entering Setting Data 


Procedure 


Data such as the TV check flag and punch code is set on the setting 
data screen. On this screen, the operator can also enable/disable 
parameter writing, enable/disable the automatic insertion of sequence 
numbers in program editing, and perform settings for the sequence 
number comparison and stop function. 

See III-9.2 for automatic insertion of sequence numbers. 

See IH-12.3.2 for the sequence number comparison and stop function. 
This subsection describes how to set data. 


Procedure for setting the setting data 


Select the MDI mode. 


OFFSET 


2 Press function key ars : 


Press soft key [SETTING] to display the setting data screen. 
This screen consists of several pages. 


Press page key [t| or until the desired screen is 


displayed. 
An example of the setting data screen is shown below. 


ACTUAL POSITION OO123 NQOOGOG 
F Qrevnmn 


PARTS COUNT 953 
RUN TIME 12H15M33S 
CYCLE TIME 6H OM OS 
SETTING ‘CHANDY > 





















ABSOLUTE 


0.000 
Q@.000 
0.000 
Q@.000 
0.000 






PARAMETER WRITE=[1 (@: DISABLE 1:ENABLE? 
TV CHECK =(@:0FF 1:0N> 
fic@:EIA 1:1S0> 
cO:MM = 41: INCH 
4 <@-35: CHANNEL NO. > 
cO:0FF 1:0N> 
ja<@:NO CNY 1:F15) 
65537 (PROGRAM NO. > 


@ CSEQUENCE NO. > 





OWN<X 





1/70 CHANNEL 
SEQUENCE NO. 
Gee Gse PROGRAM FORMAT 
Gi? G98 Gda.1 SEQUENCE STOP 
G98 G58 G25 SEQUENCE STOP 
G22 G6? Gi68 » 
G94 G97? G1i3.1 
G21 G54 G50.1 | 
G46 G6d G54.2 
G49.1G69 688.5 





A> 


MEM STOP *** *#*x 12: 66:68 | PATH1 


Tae 7 lL [ cia ee [] 
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ACTUAL POSITION 







00123 NOOGB2 
F Qrevnis 


PARTS COUNT 953 
RUN TIME 12H15N33S 
CYCLE TIME 6H BM 8S 
SETTING <MIRROR IMAGE> 


ABSOLUTE 


0.000 
0.00 
Q@.000 
4} _ 411%) fone: IMAGE €@:OFF 1:0N> 
Q@.000 

















OWN<xX 
x] 






BSS] S) 


OmN< 


Goo cso Gis) F M 8 
Gi? G98 Gd0.1 

G98 G50 G25 vd] 

G22 G67 Gi60 » 4 

G94 G9? G13.1 

G21 G54 G50.1 T 8 

G40 G6d G54.2 . 
649.1669 680.5 A> 





MEM STOP *** **« 12: 66: 68 | PATH1 
eas i x [ aleales 


4 Move the cursor to the item to be changed by pressing cursor 


wos [#) (8) [=] [oe] 


5 Enter a new value and press soft key [INPUT]. 








Explanation 


- PARAMETER WRITE 


- TV CHECK 


- PUNCH CODE 


- INPUT UNIT 


Setting whether parameter writing is enabled or disabled. 
0 : Disabled 
1 : Enabled 


Setting to perform TV check. 
0: No TV check 
1 : Perform TV check 


Setting code when data is output through reader/puncher interface. 
0 : EJA code output 
1 : ISO code output 


Setting a program input unit, inch or metric system 
0: Metric 
1: Inch 
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- /O CHANNEL 


- SEQUENCE NO. 


- PROGRAM FORMAT 


- SEQUENCE STOP 


- MIRROR IMAGE 


- Others 


OPERATION 12.SETTING AND DISPLAYING DATA 


Using channel of reader/puncher interface. 


0: Channel 0 
1: Channel 1 
2: Channel 2 


Setting of whether to perform automatic insertion of the sequence 
number or not at program edit in the EDIT mode. 

0 : Does not perform automatic sequence number insertion. 

1 : Perform automatic sequence number insertion. 


Setting of whether to use the Series 15 format. 

0: Uses the standard format. 

1: Uses the Series 15 format. 

For the Series 15 format, refer to Chapter II-6 in the User's Manual (T 
series) or Chapter II-7 of Part II in the User's Manual (M series). 


Setting the sequence number with which the operation stops for the 
sequence number comparison and stop function and the number of the 
program to which the sequence number belongs 


Setting of mirror image ON/OFF for each axes. 
0 : Mirror image off 
1 : Mirror image on 


Page key or can also be pressed to display the 


SETTING (TIMER) screen. See IHI-12.3.3 for this screen. 
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12.3.2 Sequence Number Comparison and Stop 


Procedure 


If a block containing a specified sequence number appears in the 
program being executed, operation enters single block mode after the 
block is executed. 


Procedure for sequence number comparison and stop 


Select the MDI mode. 

Press function key as] : 

Press chapter selection soft key [SETTING]. 

Press page key or several times until the following 


screen is displayed. 
ACTUAL POSITION 


BW NY Re 





















00123 NOOGBA 
F QDrevnin 


PARTS COUNT 953 
RUN TIME 12H15N33S 
CYCLE TIME 6H OM OS 
SETTING ‘CHANDY > 


ABSOLUTE 


0.000 
Q@.000 
0.000 
Q.000 
0.000 






PARAMETER WRITE=[1 (@: DISABLE 1: ENABLE? 
TU CHECK =<O:0FF 1:0N> 
PUNCH CODE [ic@:EIA 1:1S0> 
INPUT UNIT cG:MM = 41: INCH 

1/0 CHANNEL [ 4 <@-35: CHANNEL NO. > 
SEQUENCE NO. <@:OFF 1: 0N> 

Goa Gee PROGRAM FORMAT =(8¢@:NO CNV 1:F15> 
G1? G9B Gda.1 SEQUENCE STOP 65537 (PROGRAM NO. > 
G98 G58 G25 SEQUENCE STOP =[ @ (SEQUENCE NO. > 
G22 G67? G168 » 
G94 G9? G13.1 
G21 G5d G50.1 T 
G48 G64 G54.2 
Gd9.1669 G88.5 





OWN<xX 







A> 









MEM STOP *** *** 12: 66: 66 | PATH1 








5 Enter in (PROGRAM NO.) for SEQUENCE STOP the number 
(1 to 99999999) of the program containing the sequence number 
with which operation stops. 

6 Enter in (SEQUENCE NO.) for SEQUENCE STOP (with eight 
or less digits) the sequence number with which operation is 
stopped. 

7 When automatic operation is executed, operation enters single 
block mode at the block containing the sequence number which 
has been set. 
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Explanation 


- Sequence number after the program is executed 
After the specified sequence number is found during the execution of 
the program, the sequence number set for sequence number 
compensation and stop is decremented by one. 


- Exceptional blocks 

If the predetermined sequence number is found in a block in which all 
commands are those to be processed within the CNC control unit, the 
execution does not stop at that block. 
[Example] 

N1 #1=1; 

N2 IF [#1 EQ 1] GOTO 08 ; 

N3 GOTO 09 ; 

N4 M98 P1000 ; 

NS M99 ; 
In the example shown above, if the predetermined sequence number is 
found, the execution of the program does not stop. 


- Stop in the canned cycle 
If the predetermined sequence number is found in a block which has a 
canned cycle command, the execution of the program stops after the 
return operation is completed. 


- When the same sequence number is found several times in the program 
If the predetermined sequence number appears twice or more in a 
program, the execution of the program stops after the block in which 
the predetermined sequence number is found for the first time is 
executed. 


- Block to be repeated a specified number of times 
If the predetermined sequence number is found in a block which is to 
be executed repeatedly, the execution of the program stops after the 
block is executed specified times. 
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12.3.3 Displaying and Setting Run Time, Parts Count, and Time 


Procedure 


Various run times, the total number of machined parts, number of 
parts required, and number of machined parts can be displayed. This 
data can be set by parameters or on this screen (except for the total 
number of machined parts and the time during which the power is on, 
which can be set only by parameters). 

This screen can also display the clock time. The time can be set on 
the screen. 


Procedure for Displaying and Setting Run Time, Parts Count and Time 


Select the MDI mode. 


OFFSET 


Press function key ars : 
Press chapter selection soft key [SETTING]. 


Press page key or several times until the following 


screen is displayed. 
ACTUAL POSITION 


BW NY 









00123 NOOGB2 
F Qrevnin 


PARTS COUNT 953 
RUN TIME 12H15N33S 
CYCLE TIME 6H OM OS 
SETTING <TIMER> 





ABSOLUTE 


0.000 
Q.00 
0.000 




















OWN<xX 


Q ° 4) 1%) uot Petes _— 
BOQ rice” 2 





RUN TIME 
CUTTING TIME 


nou won wou 
oO 
a 
-4 
ms 
=) 
‘= 








Goa 68a FREE PURPOSE BH OM OS 
G17 G98 Gd0.1 P CYCLE TIME 8H On| as 
G98 G58 G25 ere mmmg 
G22 G67 Gi68 » a Ne ~ Ponsa“ 
G94 G9? G13.4 
G21 G54 650.1 T 8 
Gd8 G6d G54.2 . 5 
G49.1669 680.5 A> 
MEM STOP ee 48 12:00:00 | PATH1 





5 To set the number of parts required, move the cursor to PARTS 
REQUIRED and enter the number of parts to be machined. 

6 To set the clock, move the cursor to DATE or TIME, enter a new 
date or time, then press soft key [INPUT]. 
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Explanation 
- PARTS TOTAL 


- PARTS REQUIRED 


- PARTS COUNT 


- POWER ON 


- RUN TIME 


- CUTTING TIME 


- FREE PURPOSE 


- CYCLE TIME 


- DATA and TIME 


OPERATION 12.SETTING AND DISPLAYING DATA 


This value is incremented by one when M02, M30, or an M code 
specified by parameter No. 6710 is executed. This value cannot be set 
on this screen. Set the value in parameter No. 6712. 


It is used for setting the number of machined parts required. 
When the "0" is set to it, there is no limitation to the number of parts. 
Also, its setting can be made by the parameter No 6713. 


This value is incremented by one when M02, M30, or an M code 
specified by parameter No. 6710 is executed. The value can also be set 
by parameter No. 6711. In general, this value is reset when it reaches 
the number of parts required. Refer to the manual issued by the 
machine tool builder for details. 


Displays the total time which the power is on. This value cannot be set 
on this screen but can be preset in parameter No. 6750. 


Indicates the total run time during automatic operation, excluding the 
stop and feed hold time. 
This value can be preset in parameter No. 6751 or No. 6752. 


Displays the total time taken by cutting that involves cutting feed such 
as linear interpolation (G01) and circular interpolation (G02 or G03). 
This value can be preset in parameter No. 6753 or No. 6754. 


This value can be used, for example, as the total time during which 
coolant flows. Refer to the manual issued by the machine tool builder 
for details. 


Indicates the run time of one automatic operation, excluding the stop 
and feed hold time. This is automatically preset to 0 when a cycle start 
is performed at reset state. It is preset to 0 even when power is 
removed. 


Displays the current date and time. The date and time can be set on 
this screen. 
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- Usage 

When the command of M02 or M30 is executed, the total number of 
machined parts and the number of machined parts are incremented by 
one. Therefore, create the program so that M02 or M30 is executed 
every time the processing of one part is completed. Furthermore, if an 
M code set to the parameter (No. 6710) is executed, counting is made 
in the similar manner. Also, it is possible to disable counting even if 
M02 or M30 is executed (parameter PCM (No. 6700#0) is set to 1). 
For details, see the manual issued by machine tool builders. 


Limitation 
- Run time and part count settings 
Negative value cannot be set. Also, the setting of "M" and "S" of run 
time is valid from 0 to 59. 
Negative value may not be set to the total number of machined parts. 


- Time settings 
Neither negative value nor the value exceeding the value in the 
following table can be set. 


Table 12.3.3 (a) 
Maximum value Maximum value 


Hour 
Minute 
Second 
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12.3.4 Displaying and Setting the Workpiece Origin Offset Value 


Displays the workpiece origin offset for each workpiece coordinate 
system (G54 to G59, G54.1 Pl to G54.1 P48 and G54.1 Pl to G54.1 
P300) and external workpiece origin offset. The workpiece origin 
offset and external workpiece origin offset can be set on this screen. 


Procedure for displaying and setting the workpiece origin offset value 


Procedure 
1 Press function key : 


2 Press chapter selection soft key [WORK]. 
The workpiece coordinate system setting screen is displayed. 


ACTUAL POSITION 00123 NOoUOOOOd 








ABSOLUTE 


Nn 








@.000 


F 


PARTS COUNT 
RUN TIME 
CYCLE TIME 





EXT ¥ | 6.000654 ¥ 6. 000 

2 8. 000 2 6. 000 
MODAL. B 6. 668 B 8. 600 

c 8.000 c 6. 000 

Gea cso Gi5 F 8M 8 

Gi? G98 Gda.1 

690 650 G25 a 

G22 G67 G160 » a 

G94 G9? G13.1 

G21 G54 G5o.1 T 8 

G40 G64 654.2 . Z 

649.1669 G80.5 A> 


MEM STOP *** *#* 


Drevnn 
6 


6H OM @S 
GH OM 8S 


12:66:66} PATH1 














The screen for displaying the workpiece origin offset values 
consists of two or more pages. Display a desired page in either of 
the following two ways: 


e Press the page up or page down key. 


e —_ Enter the workpiece coordinate system number (0 : external 
workpiece origin offset, 1 to 6: workpiece coordinate 
systems G54 to G59, Pl to P48 : workpiece coordinate 
systems G54.1 Pl to G54.1 P48, Pl to P300 : workpiece 
coordinate systems G54.1 Pl to G54.1 P300) and press 
operation selection soft key [NO.SRH]. 

Turn off the data protection key to enable writing. 

Move the cursor to the workpiece origin offset to be changed. 

Enter a desired value by pressing numeric keys, then press soft 

key [INPUT]. The entered value is specified in the workpiece 

origin offset value. Or, by entering a desired value with numeric 
keys and pressing soft key [+INPUT], the entered value can be 
added to the previous offset value. 

Repeat 5 and 6 to change other offset values. 

Turn on the data protection key to disable writing. 
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12.3.5 Direct Input of Workpiece Origin Offset value measured 


This function is used to compensate for the difference between the 
programmed workpiece coordinate system and the actual workpiece 
coordinate system. The measured offset for the origin of the 
workpiece coordinate system can be input on the screen such that the 
command values match the actual dimensions. 

Selecting the new coordinate system matches the programmed 
coordinate system with the actual coordinate system. 


Procedure for direct input of workpiece origin offset value measured 


Procedure 





Surface A 


Programmed workpiece 
origin 


Surface B 


New offset 





Previous offset 





1 When the workpiece is shaped as shown above, position the 
reference tool manually until it touches surface A of the 
workpiece. 

2  Retract the tool without changing the Y coordinate. 

3 Measure distance a between surface A and the programmed 
origin of the workpiece coordinate system as shown above. 


OFFSET 


4 Press function key |Site | . 
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Limitation 


- Consecutive input 


- During program execution 


OPERATION 12.SETTING AND DISPLAYING DATA 


5 To display the workpiece origin offset setting screen, press the 
chapter selection soft key [WORK]. 


ACTUAL POSITION BIZ) sf 23 NQOOGOOG 


Q 1%] %) F mmf 


PARTS COUNT 
















RUN TIME 6H BM 8S 
CYCLE TIME 6H OM 8S 
WORK COORDINATES 


: DATA _NO. DATA 
ooo x [ 6.000001 Xx 8. 888 


Exr y [ 6.000654 ¥ [ 06.000 
2 [6.000 2 [6.000 
MODAL B 8. 888 B 8. 888 
c {[ 6.000 c {[ 6.000 

Gao Gse Gis) F 


G1? G98 Gdd.1 
G96 G5S@ G25 
G22 G6? G168 
G94 G97? G1i3.1 
G21 G5d G508.1 
G46 G6d G5d.2 
G49.1G69 G88.5 A>Y166_ 


ne —| 
o eo 8 8 8 


wo 


MEM STOP *** **« 12:66:66} PATH1 


i iia ( ( si | Ee eo a J 


6 Position the cursor to the workpiece origin offset value to be set. 

7 Press the address key for the axis along which the offset is to be 

set (Y-axis in this example). 

Enter the measured value (a) then press the [MEASUR] soft key. 

9 Move the reference tool manually until it touches surface B of 
the workpiece. 

10 Retract the tool without changing the X coordinate. 

11 Enter the measured value of distance ($) to surface B as an X 
value as with steps 7 and 8. 











oo 


Offsets for two or more axes cannot be input at the same time. 


This function cannot be used while a program is being executed. 
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12.3.6 Displaying and Setting Custom Macro Common Variables 


Displays common variables (#100 to #149 or #100 to #199, and #500 
to #531 or #500 to #999) on the screen. The values for variables can 
be set on this screen. Relative coordinates can also be set to variables. 


Procedure for displaying and setting custom macro common 


variables 


Procedure 
1 
2 


Press function key : 
Press the continuous menu key (=) , then press chapter 
selection soft key [MACRO]. The following screen is displayed. 





OWN<xX 





ACTUAL POSITION 










DATA EMPTY 

0.000) DATA EMPTY 112 DATA EMPTY 

102 DATA EMPTY 113 DATA EMPTY 

103 DATA EMPTY 114 DATA EMPTY 

104 DATA EMPTY 115 DATA EMPTY 

Geo Gea Gis F M @ 105 DATA EMPTY 116 DATA EMPTY 

Gi? G98 Gd0.1 a 106 DATA EMPTY 117 DATA EMPTY 

G96 GSA G25 107 DATA EMPTY 118 DATA EMPTY 

G22 G6? Gi68 jp 8 108 DATA EMPTY 119 DATA EMPTY 

oe ah pate 5 109 DATA EMPTY 120 DATA EMPTY 

mh Chances - DATA EMPTY DATA EMPTY 
649.1669 680.5 


tS ea es on [4 [Lr ie [J 












00123 NOOGBA 


ABSOLUTE 


0.000 
Q.00 

0.000 
Q@.000 





PARTS COUNT 
RUN TIME 
CYCLE TIME 
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3 


Move the cursor to the variable number to set using either of the 
following methods: 

e —_ Enter the variable number and press soft key [NO.SRH]. 

e Move the cursor to the variable number to set by pressing 


page keys and/or and cursor keys [+ | ; 
[¥ | ; [| , and/or [=]. 


Enter data with numeric keys and press soft key [INPUT]. 
To set a relative coordinate in a variable, press address key 


; , or , then press soft key [INP.C.]. 


To set a blank in a variable, just press soft key [INPUT]. The 
value field for the variable becomes blank. 
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Explanation 


OPERATION 12.SETTING AND DISPLAYING DATA 


If the value of a variable produced by an operation is not displayable, 
an indication below is provided. 
When the significant number of digits is 12 (with bit 0 (F16) of 
parameter No. 6008 set to 0): 
0 < Variable value < +0.00000000001 +Underflow 
0 > Variable value > -0.00000000001 -Underflow 
Variable value > 999999999999 +Overflow 
Variable value < -999999999999 -Overflow 
When the significant number of digits is 8 (with bit 0 (F16) of 
parameter No. 6008 set to 1): 


Variable value range Variable value indication 


0 < Variable value < +0.0000001 +Underflow 

















0 > Variable value > -0.0000001 -Underflow 
Variable value > 99999999 +Overflow 
Variable value < -99999999 -Overflow 
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12.3.7 Displaying and Setting Real Time Custom Macro Data 


Real time macro variables (RTM variables) are dedicated to real time 
custom macros. 

RTM variables are divided into temporary real time macro variables 
(temporary RTM variables) and permanent real time macro variables 
(permanent RTM variables). 

The values of permanent RTM variables are kept stored after the 
power is turned off. 

Temporary RTM variables are cleared to 0 when the power is turned 
off. 


System variables (DI/DO variables) dedicated to real time custom 
macros are used to read and write PMC interface signals. Data can 
be read and written in bit and byte units. Before writing a signal, 
release the protection of the corresponding variable on the PMC signal 
protect screen. 


Displaying and setting real time custom macro variables 


Procedure 
1 Press function key : 


2 Press the continuous menu key (=) several times, then press 
chapter selection soft key [REAL TIME MACRO]. The 
following screen appears: 


fo rosie B123 NOGGAOA! 


Kx @.000|—-——.-—___O wm 


Ez DQ. BOO |i rire eit 
C 0.000 


REALTIME MACRO DATA : TEMPORARY DATA 
A Q. 



























DATA INDEX 








eaaa2| 8. B988 BBB14| 8. 80008 
gaaa3/ 8. 8008 88815] 6. 8808 




















ey gaeed 8. 9800 GB816 8. 8008 
ei =n mS of ape gases 8. 9800 89817 8. 8000 
G1? G98 Ga0.1 eaaa6| 8. B88 88818] 8. 80808 
G99 Gso Ga 1 gaa87| @. a880 88819] 6. 8800 
G22 G6? G160 p gaaa8| 6. a808 88826] 8. e000 
G94 G97 G13.1 aaa09| 8. 8008 80821] 8. 8000 
G21 G5ad 650.1 T 9010] 8. 9880 88822) 8. 8000 
Gd@ God GS4.2 — 9a011| 8. e808 89823) 
G49 G69 688.5 

A> 

O/MIN 

= MEM STOP + 4% 12:00: 00|PATH1 














< eee ALL pein. [oom fortecr|seecrf | | 
E VE DATA DATA §SELECT§ SELECT 
3 To display or set real time custom macro variables of which 
values are not stored at power-off, press soft key [TEMP. 
DATA]. 
4 To display or set real time custom macro variables of which 


values are stored at power-off, press soft key [PERM. DATA]. 
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6 


OPERATION 12.SETTING AND DISPLAYING DATA 


Move the cursor to the number of a real time custom macro 

variable you want to set using either of the following methods: 

e Enter the number of a real time custom macro variable and 
press soft key [NO. SRH]. 

e Move the cursor to the number of a real time custom macro 


variable you want to set by pressing page keys 


and/or and cursor keys [t |. [+]. [+], and/or 
[>] 


Enter data. 


Displaying and setting DI/DO variables 


Procedure 
For setting in byte units: 


1 
2 


3 


Press function key ; 


Press the continuous menu key several times, then press 
chapter selection soft key [REAL TIME MACRO]. _ The 
following screen appears: 

Press soft key [BYTE SELECT]. The following screen 
appears: 





BYTE SELECT 00123 NOOOOD 


SELECT PER BYTE 


ADDRESS ADDRESS ADDRESS ADDRESS ADDRESS ADDRESS ADDRESS 





Gases f Gae12 f Goe2a fp Goo36 f Goods f Goose f Goo72 fb 
Gaeai f Gae13 f «Gae25 f Gaus? f Goaed9 fH Goo6i fp Goe73 fp 
Gaee2 f Gabid f «Geae26 f Gauss f Goose f Gan62 fp Good fp 
Gaee3 f Geei5 f Geae2?7 f «Geo39 f Goo5i f Goo6s f Goo75 fp 
Gooed f Gesi6 f Geo28 f Goodd f Gous2 f Gon6d fH Gon76 fp 
Geaes fp Geei?7 f Gee29  Goedi  «Goe53 fp Gas6s fp Gaa77 fb 
Gaoas f Gasis  Gae3e f Gaed2 f Goesad f Goss f Goo7s fp 
Gooe? f Ges19 f Ge031 fp Goods f Gee55 f Gans? f GoB79 fp 
Gages f Geae20 f Gea032 f Godda  Geo56 f Goao6es f Goosd fp 
Geee9 fp Gee21 f Ge033 f Goods f Geos? f Gon69 f Goos1 fp 
Gae16 f Geae22 f Goo3s4d fp Goed6 f Goess f Goo7a f Goos2 fp 
Ga611 f Gae23 f Gee3s5 f Good? f Goau5s9 f Goo71 fp Gooss p 

A> 

MEM STOP #** 44 12:00: 00| PATH1 











< 


TEMP. §PERM. §BYTE |RANGE JF COPRT> 
DATA §DATA (SELECT |SELECT 








4 


Move the cursor to the number of a DI/DO variable you want to 
set using either of the following methods: 

e —_ Enter the number and press soft key [NO. SRH]. 

e Move the cursor to a desired number by pressing page keys 


and/or and cursor keys [t]. [¥]. [+]. 


and/or 
Enter data. 
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12.3.8 Displaying and Setting the Software Operator's Panel 


Operations on the MDI panel can substitute for the functions of 
switches on the machine operator's panel. This means that a mode 
selection, jog feed override selection, and so forth can be made with 
operations on the MDI panel, eliminating the need to use the 
corresponding switches on the machine operator's panel. 

Jog feed can be performed using numeric keys. 


Procedure for displaying and setting the software operator's panel 


Procedure 
1 Press function key . 


2 Press the continuous menu key (e), then press chapter 
selection soft key [OPR]. 


3 The screen consists of several pages. Press page key or 
until the desired screen is displayed. 


ACTUAL POSITION OO123 NQOOOOG 
F Qrevnin 


PARTS COUNT 953 
RUN TIME 12H15N33S 
CYCLE TIME 6H 6M BS 
OPERATOR’S PANEL 


MODE: MDI MMEM EDIT INC JOG REF 









ABSOLUTE 


0.000 
Q@.000 
0.000 
Q@.000 
0.000 





















INC MULT > *1 O16 +108 
RAPID OVRD : 100%—58% 25% FO 
JOG OVRD : 108. 88% 





OWN<xX 













MODAL 








G66 G86 Gi5 F 1006.606 MH @ FEED OVRD : 100% 

Gi? G98 Gdé.1  _ 
699 Goa ga 8 

G22 G6? Gi60 » 8 
G94 G9? Gi3.1 

G21 G5d G50.1 T 8 
G46 G6d G5d.2 8 


= 


Gd9.1G69 G88.5 A>S_ 









MEM STOP *** *** 12: 66:68 | PATH1 











Fig. 12.3.8 (a) Without the manual handle feed function 


- 1218 - 


B-63944EN/02 OPERATION 12.SETTING AND DISPLAYING DATA 





ACTUAL POSITION 00123 NOGOOOD 


ABSOLUTE F Q ee 


Q ° 2) 1%) PARTS COUNT 
OBO 2.2". cor 
Q He 000 OPERATOR'S PANEL 

MODE: MDI BMEM EDIT HND JOG REF 
4) ° 41%) HANDLE AXIS : HX HY HZ HB 


Q zi 000 HANDLE MULT : *41 [+18 +*100 





OWN<xX 


RAPID OVRD : 100% 658% 25% FO 
JOG OURD : 160. 88% 
pata —————s 
Gee G86 Gi5 F 1000.006 M @ FEED OVRD 5 160% 


G98 G50 G25 v] 


G22 G6? G168 


= 





D 8 
G94 G97? Gi3.1 
G21 G54 650.1 7 6 
G46 G64 G5d4.2 Ss 8 
G49.1G69 G88.5 A> 
MDI STOP *** **« 12: 66: 66 | PATH1 








Fig. 12.3.8 (b) With the manual handle feed function 





ACTUAL POSITION eZ) 1 23 NQOOGOG 


ABSOLUTE FE Q aah, 



















PARTS COUNT 953 
RUN TIME 12H15N33S 
CYCLE TIME 6H OM BS 





OPERATOR’S PANEL 


BLOCK SKIP : HOFF ON 
SINGLE BLOCK: OFF MON 
MACHINE LOCK: OFF MON 
DRY RUN : OFF HON 
MODAL PROTECT KEY : PROT MRELE 
FEED HOLD : WOFF ON 

























Gee G88 G15 F 1008.608 M Li 
G1? G98 Gd8.1 
G96 G58 G25 
G22 G6? G168 
G94 G9? Gi3.1 
G21 G54 4@5a.1 7 
G46 G6d G54.2 
G49.1G69 G88.5 A> 


wn = 
o eo 8 ®& 
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Fig. 12.3.8 (c) 


4 Move the cursor to the desired switch by pressing cursor key 


(#] or [4] 
5 Push the cursor key [+] or [=| to match the mark If to an 


arbitrary position and set the desired condition. 
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Explanation 
- Valid operations 


6 Press one of the following arrow keys to perform jog feed. Press 


the key together with an arrow key to perform jog rapid 


r-) la) fo) 


Fig. 12.3.8 (d) MDI arrow keys 


traverse. 


The valid operations on the software operator's panel are shown below. 

Whether to use each group can be chosen using parameter No. 7200. 

Those groups that are not used are not displayed on the software 

operator's panel. 

Group! : Mode selection 

Group2 : Selection of jog feed axis, Manual rapid traverse 

Group3 : Selection of manual pulse generator feed axis, selection of 
manual pulse magnification 

Group4 : Jog federate, federate override, rapid traverse override 

Group5 : Optional block skip, single block, machine lock, dry run 

Group6 : Protect key 

Group7 : Feed hold 


- Screens on which jog feed is valid 


- Jog feed and arrow keys 


- General purpose switches 


When the LCD indicates other than the software operator's panel 
screen and self-diagnosis screen, jog feed is not conducted even if the 
arrow key is pushed. 


The feed axis and direction corresponding to the arrow keys can be set 
with parameters (Nos. 7210 to 7217). 


For the meanings of these switches, refer to the manual issued by 
machine tool builder. 
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12.3.9 Setting and Displaying Tool Management Data 


The tool management function totally manages tool information 
including tool offsets and tool life information. 

This function provides a magazine screen and tool management screen. 
This subsection explains how to set these screens. 


12.3.9.1 Displaying and setting magazine screen 


Procedure 


1 Press the function key. 
2 Press the [TOOL MANAGER] chapter selection soft key. 


Alternatively, press |stfks)| several times until the tool 


management screen appears. 
Press the [MAGAZINE] soft key. 


iG MNG TABLE 1-1 00123 NOUOOGBD 












POT NO. TYPE-NO. POT NO.  TYPE-NO. NO. TYPE-NO. 
| 3 30 16[ @ ) spbLi[ 5 58 
2{ 4 4a i7[ 6 t) [ 6 
3/ 0a 8 18 8 8 | @ 
afta rc) 19 a () | @ 

5[ a c) 20 a ) [ a 
6{ 6 8 2i[ @ 8 [ @ 
27[ @ (7) 22 t) 8 | @ 
8, oa a 23 r) () | @ 

[ a ) 24 rr) a 

| @ 8 25[ @ rt) 

| @ a 26 a 8 

[ a c) 2? a a 

[ @ () 28 r) cr) 

| @ 8 2a[ @ 8 

| @ fc) 3a a 6 








A> 
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[ i? fo 


Tool management magazine screen 


3 By using the page keys, cursor keys, and [<-] and [-] soft keys, 
move the cursor to the pot No. position of the magazine for which 
you want to set or modify data. 

Alternatively, type the number of the tool management data you 
wan to set or modify, and press the [NO. SRH] soft key. 

4 Press the [EDIT] soft key. 
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Explanation 
- Another method 


- Displayed data 


- Edit mode 


- Tool management data number 


To set the tool management data number of a pot, type the tool 

management data number, then press the [INPUT] soft key. 

To delete the tool management data number set for a pot, follow 

the steps below. 

<1> Press the [ERASE] soft key. 

<2> Press the [CUR DAT] soft key. To delete the tool 
management data numbers registered for all pots, press the 
[ALL] soft key. 

<3> Press the [EXEC] soft key. 

Alternatively, type 0. 

To end the edit operation, press the [EXIT] soft key. 

This returns the screen display to the conventional tool 

management screen. 


Magazine data can be input/output also by using external I/O devices. 
See IH-8, "DATA I/O". 


Pot 


NO.: 


: As many pots as specified in parameter No. 13222, 13227, 


13232, or 13237 (settable for each magazine) are displayed. 

The starting pot number can be set for each magazine in 

parameter No. 13223, 13228, 13233, or 13238. 

Tool management data numbers are displayed. 

In the following cases, tools cannot be set in magazines: 

1. A tool management data number beyond the range from 0 to 
(the number of valid pairs in parameter No. 13220) is set. 

2. Tool management data is invalid (bit 1 of tool information is 
0). 

3. The tool management data number to be set is already set for 
another pot. 


Type No.: Tool type numbers corresponding to tool management data 


numbers are displayed. 
Values cannot be set on this screen. 


Spindle : The tool management data numbers and tool type numbers 


Wait 


of spindle positions are displayed. 
: The tool management data numbers and tool type numbers 
of wait positions are displayed. 


To edit data, press the [EDIT] soft key to enter tool management data 
edit mode. 


Tool 


management data numbers can optionally be extended to 64, 240, 


or 1000 pairs. In addition, the number of tools used can be set in 
parameter No. 13220. 


- Display of the spindle positions and wait positions 
The spindle position and wait position can be set for each path. 
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12.3.9.2 Displaying and setting tool management screen 


Procedure 


3 


Press the function key. 
Press the [TOOL MANAGER] chapter selection soft key. 


Alternatively, press several times until the tool 


management screen appears. 
Press the [TOOL MANAGER] soft key. 








[TOOL MANAGER OO123 NOVUOBD 


NO. TYPE NO. MG POT ~ T-INFO L-COUNT MAX-LIFE NOTICE-L_ L-STATE | 





il = rE | _ ie | a 


a 8 pRePLNCR ~ of 6[ @NO-MNG 
20 3 2 pppUBITR| eH ex{ os[ GH On| @s| Ohi On| OSENABLE 
1 1 APL | 50 | a| @ [ OVER 

















2 

3 

4 a6 «(1 2 bebeUBTR[ GH en es[ GH anf asl GH| On| aspaANAGE 
5 58 111 @ppbelBeR[ sof Bf pamaGE 
6 68 112 «=a pepPUBITR| eH nf asl GH On| Os| GH x| Gs| OVER | 
? 

8 

9 









































700«C«B 8 PEPUNCR | 78 | a| @ ENABLE 

88 8 OfbPPUBTR[ oH en asl GH{ an{ asl GH{ Oxf @sNO-MNG 

30 8  oappppupcR[— — —o[ _ e0[— — 0 NO-WNG 
ute iea 8 8 pePeUNTT [ GH On| asl 9H[ On{ asl On| On| @SENABLE 
11 116 «8 8 BePBUNKF | a | a/ 10 | OVER 
12 126 «8 8 BeREUNEF | a a | @ [DAMAGE 


A> 


“MEM STOP *** «««| [12:00:00] PATHL 











Tool management data screen 


By using the page keys, cursor keys, and [<-] and [>] soft keys, 
move the cursor to the position of the tool information of the tool 
number for which you want to set or modify data. 
Alternatively, type the tool number of the data you want to set or 
modify, and press the [NO. SRH] soft key. 
Press the [EDIT] soft key. 
To set tool data, type a desired value, then press the [INPUT] soft 
key. 
To delete tool information, follow the steps below. 
<1> In step 4, move the cursor to the tool information you want 
to erase. 
<2> Press the [ERASE] soft key. 
<3> Press the [CUR DAT] soft key. To delete entire tool 
information, press the [ALL] soft key. 
<4> Press the [EXEC] soft key. 
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Explanation 


- Another method 


7 Toend the edit operation, press the [EXIT] soft key. 
This returns the screen display to the conventional tool 
management screen. 


[TOOL MANAGER 08123 NOOOBD 


NO. TYPE NO. MG POT T-INFO L-COUNT MAX-LIFE NOTICE-L_ L-STATE 
























































} 4[ 8 8 8 ppPeLNET | 8 a| @ O-MNG 
2f-. +o 2 GeepeuNcF[  =©608f.—S—‘(‘<‘aéO{)~O~O~” OC NO-MNG 
3 @ 8 8 fpbpDNET | a a| @ NO-MNG 
4 6 8 SpppebNeFl ef ef G8 NO-MNG 
5 6 @ GpepeuNcF[ of of GRNO-MNG 
6 6 @ 8 BRBPUNEE | a 8| @ NO-MNG 
? 6 28 GpepeuNcF[ = =©608[f.—S——‘<‘ié«~YTS~O~”~”C NON 
8 6 @ 8 BEBBUNEE | a a| @ NO-HNG 
9 6 8 epppebNeFl ef ef GB KO-MNG 
18 6 8 GpepeuNcF[ $$ of of GNO-MNG 
11 6 @ 8 BeBPUNEE | a 8/ @ NO-MNG 
12 6 @ @pepeuNcF[ of of GRNO-MNG 

a > 





A> 


MEM STOP *** ***[  [42:a0:00[ | STOP ++ oki MEM STOP *** ***[  [42:a0:00[ | 48:88 


8 When soft key [CHECK] is pressed, if there are tools with the 
same number but with different count types (count and time), the 
cursor moves to the tool type number of the smallest tool 
management number in the tool type numbers and a warning 
message appears. 

The warning messages issued by the check function are shown 

below. 

<1> For the same type of tools with different count types 
L-COUNT TYPE MISMATCH:XXxXxXxXxXxXxX 

<2> For the same type of tools with the same count type 
L-COUNT TYPE MATCH 











Tool management data, customize data, and names set for tool states 
can be input/output also by using external I/O devices. 
See IH-8, "DATA I/O". 
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- Displayed information 


OPERATION 12.SETTING AND DISPLAYING DATA 


Life information 








[TOOL MANAGER 080123 NOUOGBD 


NO. TYPE NO. MG POT  T-INFO L-COUNT MAX-LIFE NOTICE-L_ L-STATE | 


| 8 8 beppLAKER | a/ a| @ NO-MNG 
2 20 3 2 peppUBITR| eH o LG Ho] off Off ebENene 
3 38 1 1 bh pUBCR OVER 
af «o 14 2 pepeUBITR| oH a1 "ODER RDG Le 
5 5@ 111 8 pbebUBKR | 60 | a | @ [DAMAGE 
6 60 112 «=a PeppUBITR| eH a LG moh of of oF OVER 
? 78 «8 8 PeeBUNCR NABLE 
8 sa 8 a peppUBITR| eH o 3-H ia a ap MNG 
9 99«Ci«@ 8 PeEPUBKR | a 8a [ @ NO-MNG 
10 106 «8 6 PeeeUNTE [ eH onl a SH On| 8 BH] GM] @SENABLE 
141 11a 8 PeeBUNKE 10 | OVER 
12 120 «8 8 BeeBUNKE @ [DAMAGE 

















STOP *** ««*] | 12:00:00] PATH1 


_MEM 
il ia Pitt || Ee mi 








Tool management data life status screen 


NO. : Tool management data numbers are displayed. These 


numbers can be displayed but cannot be set. The tool 
management data number of edited data is kept blinking 
until tool management data edit mode ends. Tool 
management data numbers set or deleted on the magazine 
screen also blink on the tool management screen. 


Type No.: Tool type numbers are displayed. 


A value from 0 to 99,999,999 can be set. 


MG : The magazine number assigned to each tool is indicated. 


Pot 


These numbers can be displayed but cannot be set. 
The pot number assigned to each tool is indicated. 
These numbers can be displayed but cannot be set. 


Tool information: The following five types of information are 


displayed sequentially from the right: 
e Tool management data: Valid (R)/invalid (-)) 


e Life count type: Time (T)/count (C) 

e Tool type: Large-diameter tool (B)/ 
normal tool (N) 

e Data access: Locked (L)/unlocked (L) 


e When a tool is not under life management: 
Included in the tools to be searched 
(1)/not included in the tools to be 
searched (0) 
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NOTE 
1 The tool types and data access information vary 
depending on the specifications defined by the 


machine tool builder. 
2 The same type of tools must have the same life 
count type. 





Life counter: The number of use times/use period of time of each 
tool is indicated. 

Up to 99,999,999 times or 999 hours 59 minutes 59 

seconds can be set. 

Maximum life: The maximum life value of each tool is indicated. 

Up to 99,999,999 times or 999 hours 59 minutes 59 

seconds can be set. 

Noticed life: | Noticed life value of a tool 

Up to 99,999,999 times or 999 hours 59 minutes 59 
seconds can be set. 

Life state: Current tool state 
One of the four states, including invalid (0), present (1, 
2), not present (3), and broken (4), is indicated. The 
numbers in parentheses are data values used when 
these states are input in MDI. 





e _ Spindle speed/feedrate 


[rOOL MANAGER 080123 NOOOGBD 





NO. TYPE NO. MG POT 9S © F al 























MEM STOP *** 4% 12: 00: a0 | PATH1 


Tool management data spindle speed/feedrate screen 

















S_: Spindle speed. 
A value from 0 to 99,999 can be set. 
F : Feedrate. 
A value from 0 to 99,999,999 can be set. 
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OPERATION 12.SETTING AND DISPLAYING DATA 


° Tool offset information 





(TOOL MANAGER 












































00123 NOOVOG 

















A> 





MEM STOP *** *** 


i a ane LT Er 





NO. TYPE NO. MG POT H D  GEOMCH> WEARCH? GEOM<D> 

Pc 18 «@ of 1{/ 2[ 10.e00[  100.000[ 2000.000 
2 28 «3 2[°3[ 4 30. 808 308.808[ aad. 80 

3 381 if af af 8. a80 | @. 808 8. 888 
4 ag (1 2[o[ ef o.eo0f 6.o00[ 6.000 

5 5@ 111 af of 8. 688 6. 688 8. 688 

6 66 112 a{ af af 8. a80 | @. 808 8. aaa 
? 70 «= af of ef o.eoof 6.e00[ 6.000 

8 800 of of ef o.eoof o.e00[ 96.000 

9 99 «8 af af af 6. 808 [ 6. 688 8. 888 
10 10a «8 a{ af af 8. 808 | @. aaa 8. 808 
11 116 «(8 af of of o.eo0f 6.e00[ 6.000 
12 120 «8 o[ of ao 6. 688 6. 688 8. 688 





12: 68: 68 | PATH1 


4 








Tool management data tool offset screen 


H : Tool length compensation number (for machining center 


systems only). 


A value from 0 to 999 can be set. 
D : Cutter compensation number (for machining center systems 


only). 


A value from 0 to 999 can be set. 
TG: Tool geometry compensation number (for lathe systems only). 
A value from 0 to 999 can be set. 


TW _ : Tool wear compensation number (for lathe systems only). 


A value from 0 to 999 can be set. 
The displayed offset data is determined depending on the option 
configuration and parameter settings (bits 1(DCR), 2(/DOY), 3(DOB), 
4(DO2), 6(DOT), and 7(/DOM) of parameter No. 13202). 
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° Customize information 





TOOL MANAGER 









































EDIT |NO. SRH 





00123 NOGBOBO 












































NO. TYPE NO. MG POT a CUSTOM1 CUSTOM2 CUSTOM3 CUSTOM4 al 
aa 10 «8 8 eoaeaa 1 c) c) a 
2 28 «3 2 jpacacaca 1 a | a | 4 
3 38 1 1 poeeeese 1 a | a | 4 
4 a6 1 2 paesaace 1 ef §=©60o 3ftt (‘ill 
5 50 114 @ fpoaceses 1 a | 3| a 
6 60 112 @ fpaaaacee 1 a | 3 | 4 
? 70« @ fposceeee 1 8 3 C) 
8 860 @ jpaoecace 8 2 | 3 | 8 
9 ET) @ jsaeeeee8 a 2 | a | c) 
18 160s @ fpaacecee 8 2 a a 
14 11068 @ foaaesee 8 2 | a | 8 
12 120 «8 @ fpeaseace 8 2[ a | a 











MEM STOP *** #4 12:08:08 | PATH1 


e => READ |PUNCH 











Tool management data customize data screen 


Customize 0 


Customize 1 to 4 


Customize 5 to 20 


Customize 21 to 40 : 


- Tool management data number 
Tool management data numbers can optionally be extended to 64, 240, 
or 1000 pairs. The number of tools used can be set in parameter No. 


- Edit mode 


- Life count override 


13220. 


: Bit-type customize information. 


For each bit, 1 or 0 can be input. 


: Customize information. Any value from 


-99,999,999 to 99,999,999 can be set. 


: Customize information. These items are 


displayed only when customize data extension 
option (5 to 20) of the tool management 
function is enabled. Any value from 
-99,999,999 to 99,999,999 can be set. 
Customize information. These items are 
displayed only when customize data extension 
option (5 to 40) of the tool management 
function is enabled. Any value from 
-99,999,999 to 99,999,999 can be set. 


To edit data, press the [EDIT] soft key to enter tool management data 


edit mode. 


When the period of time is set as the tool life count type, the life count 
can be overridden if bit 2 (LFV) of parameter No. 6801 is set to 1. 
Specify an override value by using a switch on the machine operator's 


panel. 


Example) When cutting is performed for 10 minutes with an override 
of 0.1, one minute is counted in the tool life counter. 
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- Tool management extension function 


When tool management extension functions are enabled, you can use 
the following functions in addition to the tool management functions: 
- A value with a decimal point can be set as customize data. 
The maximum number of decimal places can be set to 7 by G10 
data input and file read. 
- Various types of tool management data can be protected using 
KEY signals. 
An attempt to enter a value to a protected data causes a warning 
message “WRITE PROTECT.” 
- Tool life count period selection 
Bit 5 of tool information is used to make a life count period 


selection. 





Item 


Description 





#5 REV 





Data length 1 byte (flag data) 





0: A life count period of 1 sec is used. 
1: A life count period of 8 sec is used. 








Range of count is as follows. 
1sec : 0 to 3,599,999 seconds (999 hours 59 minutes 59 seconds) 
8msec : 0 to 3,599,992 ms (59 minutes 59 seconds 992 milliseconds) 
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12.3.9.3 Each tool data screen 


Each tool data screen 























Procedure 
1 Press the function key. 
2 Press the [TOOL MANAGER] chapter selection soft key. 
Alternatively, press |S) several times until the tool 
management screen appears. 
3 Press soft key [EACH TOOL]. The each tool data screen 
appears. 
EACH TOOL DATA 08123 NQGOOG 
NO. TYPE NO. = MG POT 
Ta 10080 fr) 
[_—‘ 1988 GEOM<{2> 8. 808 
T-INFO bebeUNCR WEARCZ> 8. 888 
L-COUNT 168 GEOMCR> 6. 668 
MAX-LIFE 500 GEOM TIP 8 
NOTICE-L 18 WEARCR> 6. 868 
L-STATE ENABLE WEAR TIP 6 
i 8 GEOMCY> 8. 668 
[F 8 WEARCY> 6. 688 
TG 6 GEOMC¢X2> 8. 688 
Tw 8 GEOM¢22> 6. 668 
GEOMCX> 6. 668 GEOMCY2> 6. 608 
WEARCX> 6. 688 CUSTOM@ fpaneaeea 
A> 
MEM STOP +x «| [12:08:00 
Tt] | | | ee eee 
NE OOL LIFE 
Each tool data screen 
Explanation 
- Header 
The following four data items are displayed: NO., TYPE NO., MG, 
and POT. 
When the data table of a tool extends over two or more pages, the 
same header is displayed on these pages. 
- Data table 


The data table shows data items related to a tool at a time. 
The data items are displayed from the upper left to the lower left, the 
upper right, and the lower right in ascending order of screen display 
position numbers specified using the customize function. The 
number of digits displayed for one data item is fixed to 11. 
Up to 24 data items are displayed on one page. (12 data items x 2 
columns) 
When more than 24 data items are set for a tool, the 25th and 
subsequent data items are displayed on the next page. (Up to three 
pages) 
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Key operations 
- MDI key operations 


- Soft key operations 


OPERATION 12.SETTING AND DISPLAYING DATA 


When a data item is set as a screen element of the tool management 
data screen twice or more using the tool management data display 
customize function (one of the tool management extension functions), 
only the data item with the smaller display position number is 
displayed. When no value is set for a data item, the field for the data 
item is not displayed and the next data item is displayed. 


Numeral keys Inputs a numeric value. 


PAGE UP Displays the previous page for the same tool. 
PAGE DOWN Displays the next page for the same tool. 
<t> Moves the cursor to the previous data item. 


When the cursor is on the top row of the data table, 
it moves to the bottom row of the left column. 
When the cursor is on the first data item, it moves to 
the last data item. 

ss Moves the cursor to the next data item. 
When the cursor is on the bottom row of the data 
table, it moves to the top row of the right column. 
When the cursor is on the last data item, it moves to 
the first data item. 

<<> Moves the cursor left on the screen. 
When the cursor is on the left column of the data 
table, it moves to the right column on the row 
immediately above. When the cursor is on the first 
data item, it moves to the last data item. 

<>> Moves the cursor right on the screen. 
When the cursor is on the right column of the data 
table, it moves to the left column on the row 
immediately below. When the cursor is on the last 
data item, it moves to the first data item. 


Soft key [EDIT] Enters the management data edit mode. 

Soft key [NO.SRH] Displays data with a tool management data 
number when pressed after the tool 
management data number is entered. 

Soft key [PREV.TOOL] Returns to the previous tool management 
data number. 

Soft key [NEXT.TOOL] Proceeds to the next tool management 
number. 
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Operation in the management data edit mode 
To edit data, press soft key [EDIT] to enter the management data edit 














mode. 
ies 00123 NGOOOe 
NO. TYPE NO. MG POT 
1908 «8 8 
[1808 GEOMC2> 8. 800 
T-INFO bebeUNCR WEARCZ> 8. 880 
L-COUNT 108 GEOMCR? 8. a00 
MAX-LIFE 500 GEOM TIP a 
NOTICE-L 10 WEARCR? 8. a00 
L-STATE ENABLE WEAR TIP a 
s a GEOMCY> 8. a00 
F a WEARCY? 8. 800 
1G 8 GEOMCX2> 8. a00 
Tu 8 GEOM¢Z2> 8. a00 
GEOMCX> 8. a00 GEOMCY2> 8. a08 
WEARCX? 8. 208 CUSTOM jpooeeaae 
EDITING 
A> 
MEM STOP *** +««| [12:00:00] | 
PREV. T |NEXT. T 
oo. =| OL 





In the management data edit mode, “EDITING” is displayed at the 
lower right of the screen. 

In addition to the above key operations, the following key operations 
are available in the management data edit mode: 


<INPUT> Actually writes a value entered using numeric keys. 
Soft key [END] Ends the management data edit mode. 


Operations for editing tool information are the same as those on the 
tool management data screen. 
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OPERATION 12.SETTING AND DISPLAYING DATA 


12.3.9.4 Displaying the total life of tools of the same type 


Procedure 


Total life data screen 


1 Press the function key. 

2 Press the [TOOL MANAGER] chapter selection soft key. 
Alternatively, press several times until the tool 
management screen appears. 

3 Press soft key [TOTAL LIFE]. The total life data screen 

appears. 

4 Press soft key [OPR], then soft key [CHANGE] to switch the 

display between total life data of the count counting type tools and 
that of the time counting type tools. 


TOTAL LIFE DATA 1 — 1 OO123 NQOOOG 


S-NO. TYPE NO. T-REM-LIFE T-L-COUNT T-MAX-LIFE T-NOTICE-L STATUS NUM 


tf eat one a 
2 ——-| J -—_}—____!.____!-_1. 





af aaaa[—4. [———22 = i 
s[azaa[ [8 PE [2 
6[_aave[ 8 af. ef [pone [1 
2[ 2000 [aaa as8[ sae asf [3 
a[—2aas[ 42a af 28 5 a | 
9[—s00a[ 6[ 40 2 a | 
19[ao00[e6[ aa aaa af - [2 


A> 





MEM STOP *** *** 12: 86:88 


TOOL FEACH THTOTAL | <OPRT>' 
OOoL IFE 


Count display 











- 1233 - 


12.SETTING AND DISPLAYING DATA OPERATION B-63944EN/02 


- Displayed information 


fra urEmar 0G 123 Ne@oeea 


S-NO. TYPE NO. T-REM-LIFE T-L-COUNT T-MAX-LIFE T-NOTICE-L STATUS NUM 


1 [74 [HOM OS [OH OM OS[ OH OM OS[ OH ON OS| DONE [14 
2[ 900 | @H @ @S[ HOM OS[ OH On oS| OH OM OS[ DONE [2 
3[ tooo [0H Swass [OH aNI5S[ OH on os| OH OMiss[ — [3 
a [4411 | @na5na7s [ 1H2aN235 [2H on es | oHaan oS [DONE [2 
5s [4234 @H OM @S[ GH OM OS| OH OM oS| OH OM OS| DONE [2 
6 | 4a78[ 0H On @S[ GH OM OS| OH On oS| OH OM OS| DONE [2 
2 [2000 | 2HS@n20s [aH amas [aH on es [oH onaas[- [a 
8 | 2345[ 0H onS9S[ HSM 15[ 2H On os|  HioN OS [DONE [1 
9 [3000 [0H On @S[ GH ON10S[ OH ondos| OH OM 5S[ DONE [2 
10 [~ao0a [2 amais [oH 1Nags[ 2H SH OS[ oN oN as[ - [2 
11 [soa | @Hiano5s [0H oN3SS[ OHISH @S[ OH 2M aS[— [4 
12 [6000 [| oHSena7S [0H aMiaS[ 4H OM @S[ OH oN oS[— [2 











A> 
MEM STOP *** ##% 12: 66:06 
11 tft pe 
NE OOoL IFE 
Time display 
S-NO.: Sequential number of each tool type 
TYPE NO.:: Tool type number 


T-REM-LIFE: Total of remaining life values of tools with the same 
tool type number 

T-L-COUNT: _ Total of used counts/times of tools with the same 
tool type number 

T-MAX-LIFE: Total of maximum life values of tools with the same 
tool type number 

NUM: Number of tools with the same tool type number 

T-NOTICE-L: Total of notice life values of tools with the same tool 
type number when the tool life arrival signal is to be 
output for each tool type 

STATUS: Whether the tool life arrival signal has been output 
when the signal is to be output for each tool type 
Either of the two states (UNDONE and DONE) is 
displayed. 

When bit 3 (ETE) of parameter No. 13200 is set to 0 and bit 2 (TRT) 

of parameter No. 13200 is set to 1, the tool life arrival signal is to be 

output for each tool type number and T-NOTICE-L and STATUS are 

displayed. 
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OPERATION 12.SETTING AND DISPLAYING DATA 


Key operations 


- MDI key operations 


- Soft key operations 


PAGE UP Displays the previous page. The cursor moves to the 
last data item on that page. 

PAGE DOWN Displays the next page. The cursor moves to the first 
data item on that page. 


<t> Moves the cursor up on the screen. 

</> Moves the cursor down on the screen. 

<<> Disabled. 

<> Disabled. 

Soft key [DETAILS] Displays the detailed life data screen. 

Soft key [UPDATE] Updates data displayed on the total life 
data screen. 

Soft key [CHANGE] Switch the display between the count and 
time types. 


Soft key [TOOL TYPE SEARCH] Moves the cursor to a tool type 
number when pressed after the number is 
entered. 

Soft key [TOOL TYPE UP] Sorts data in ascending order of tool type 
numbers. 

Soft key [TOOL TYPE DOWN] Sorts data in descending order 
of tool type numbers. 

Soft key [REMAINING LIFE UP] _ Sorts data in ascending order of 
remaining life values. 


Soft key [REMAINING LIFE DOWN] Sorts data in 
descending order of remaining life 
values. 


NOTE 

1 After soft key [TOOL TYPE UP], [TOOL TYPE 
DOWN], [REMAINING LIFE UP], or [REMAINING 
LIFE DOWN] is pressed, the cursor is positioned at 
the top of page 1 of the total life data screen. 
When the power is turned on, data of the count 
counting type is displayed in ascending order of tool 
type numbers. When the display type is changed or 
data is sorted in a different order, the status is kept. 
If soft key [DETAILS] is pressed when no data is 
displayed on the total life data screen, the warning 
message “NO DETAILED LIFE DATA SCREEN” is 
output. 
If an unregistered tool type is specified and soft key 
[TOOL TYPE SEARCH] is pressed, the warning 
message “UNREGISTERED NUMBER?’ is output. 
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Detailed life data screen 


Procedure 


- Displayed information 


Press the function key. 
Press the [TOOL MANAGER] chapter selection soft key. 


OFFSET 


Alternatively, press |&rc} several times until the tool 


management screen appears. 

Press soft key [TOTAL LIFE]. The total life data screen 
appears. 

Press soft key [OPR], then soft key [DETAILS]. The detailed 
life data screen appears. 





DETAIL LIFE 1 — 1 00123 NOOOOWGW 
TYPE NO. [1000 


ORDER NO. REM-LIFE L-COUNT MAX-LIFE NOTICE-L STATUS 


1[30[ 6H eNSeS [0H 2H 2S[ OH aN S| OH OM SS[ ENABLE 
[25 [oH onS9s [GH OM 15[ OH GH @S[ OH OM 5S| ENABLE 
i[@H aM @S[ 6H 2M S| OH GM OS[ OH On SS| ENABLE 
2[ aH 2M eS[ OH aM OS[ 0H aN @S| OH OM 5S[ ENABLE 
[36 [oH on as [gH ONSeS[ OH GH OS[ OH OM SS| ENABLE 
[27 [oH 2na76 [gH oN2a5 [OH GH @S[ OH OM SS| ENABLE 


N 











tot tl wooananan 





3 [6H 2NasS [OH OMi5S[ 0H aM @S| OH OM 5S[ ENABLE 
[23 [@H 2nSis [0H om 9S[ OH aM OS[ OH On SS ENABLE 
[28 [aH 2nS9S [oH on 1s[ OH aM OS[ OH on SS| ENABLE 
[31 [0H 3H 0S [0H OM oS[ OH GM OS[ OH On SS[_NO-HNG 
[33 [0H GH 0S [0H on oS[ OH GM OS[ OH On SS| _NO-HNG 
[33 | @H aH 0S [0H OM @S[ OH GM OS[ OH On SS[ _NO-HNG 


A> 











TYPE NO.:: Tool type number 

ORDER: Sequential number in ascending order of remaining 
life times or the order in which the customize data is 
set. 

NO.:: Tool management data number 

REM-LIFE: Remaining life value obtained by subtracting the life 
count value from the maximum life value 

L-COUNT: Total used count or time of the tool 

MAX-LIFE: Maximum life value of the tool 

NOTICE-L: Notice life value of the tool 

STATUS: Life status of the tool 


One of the four states (NO-MNG (0), ENABLE (1, 
2), NONE (3), and DAMAGED (4)) is displayed. 
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Key operations 
- MDI key operations 


- Soft key operations 


OPERATION 12.SETTING AND DISPLAYING DATA 


PAGE UP Displays the previous page. 

PAGE DOWN Displays the next page. 

<t> Moves the cursor up on the screen. The cursor 
moves to the last data item on that page. 

<> Moves the cursor down on the screen. The cursor 
moves to the first data item on that page. 

<<> Disabled. 

<> Disabled. 


Soft key [UPDATA] Updates data displayed on the detailed life data 
screen. 
The cursor is positioned at the beginning of 
page | after this soft key is pressed. 

Soft key [CLOSE] Closes the detailed life data screen and returns 
to the total life data screen. 


NOTE 

1 When soft key [CLOSE] is pressed and the total life 
data screen is displayed again, the cursor on the total 
life screen data is positioned as follows. 
When the tools with the tool type number displayed 
when the detailed data screen is closed are registered 


as tool management data, the cursor on the total life 
screen is positioned at that tool type number. 

When the tools with the tool type number displayed 
when the detailed data screen is closed are not 
registered as tool management data, the cursor on 
the total life data screen is positioned at the first total 
life data. 
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12.3.9.5 Tool geometry data screen 


Tool geometry data screen 


Procedure 


- Displayed item 


B-63944EN/02 


1 Press the function key. 
2 Press the [TOOL MANAGER] chapter selection soft key. 


Alternatively, press several times until the tool 


management screen appears. 
3. Press soft key [+], then soft key [TOOL-GEOM]. The tool 
geometry data screen appears. 





TOOL GEOMETRY 























00123 NOOVOG 














NO. LEFT RIGHT UPPER LOWER GEOM NO. LEFT RIGHT UPPER LOWER GEOM 
eeeif 2[ 3 2[ 2, a eoiif 2{f 2[ 2, 2f a 
oae2 3f 3f 3{f 3f B eai2f af af 2f 2f a 
ea83 if a 2{ of a 0613 af ef af af a 
eaeaf fs af ~=—s ofS ssf eoiaf af 2{[ of af a 
eoas{ af af af af a eais{[ of af af af a 
ea06 af oa a{ al iB 0616 a{ of of af a 
eoe7, 61f «if 3=6af) otf eai7, 63f = 3f = 3af_ is afi 
goes{ of of af af a gois[ of of af af a 
oa09 a ef af a 0619 af of of af a 
esiaf af af of af a ea2af af af of af a 





A> 





MEM STOP *** **« 12: 66:68 





OOL-G €OPRT > 
OM 





NO:: 


LEFT: 


RIGHT: 


UPPER: 


LOWER: 


Tool geometry data screen 


Tool geometry number 

A value between 0 and 20 can be set. 

Sets the number of pots on the left of the reference pot that 
are to be occupied. 

A value between 0 and 4 can be set. 

Sets the number of pots on the right of the reference pot 
that are to be occupied. 

A value between 0 and 4 can be set. 

Sets the number of pots above the reference pot that are to 
be occupied. 

A value between 0 and 4 can be set. (Use this item when 
the magazine is of the matrix type.) 

Sets the number of pots under the reference pot that are to 
be occupied. 

A value between 0 and 4 can be set. (Use this item when 
the magazine is of the matrix type.) 
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Key operations 
- Operations in the standard mode 
MDI key operations 


Numeral keys Inputs a numeric value. 


<t> Moves the cursor up on the screen. 
</> Moves the cursor down on the screen. 
<> Moves the cursor left on the screen. 
<>> Moves the cursor right on the screen. 


Soft key operations 

Soft key [NO.SRH] Moves the cursor on a tool geometry number 
when pressed after the number is entered. 

Soft key [EDIT] Enters the data edit mode. 

Soft key [REAL] Reads data related to the tool management 
functions. 
This key is available only in the standard mode. 
Put the NC in the EDIT mode. 

Soft key [PUNCH] Punches data related to the tool management 
functions. 
This key is available only in the standard mode. 
Put the NC in the EDIT mode. 
In the management data edit mode, the following 
key operations are available in addition to the 
above key operations. 


- Operations in the edit mode 
To edit data, press soft key [EDIT] to enter the edit mode. In the edit 
mode, “EDITING” is displayed at the lower right of the screen. 


MDI key operation 


<INPUT> Actually writes a value entered using numeric keys. 


Soft key operation 
Soft key [END] — Ends the data edit mode. 
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Example 
Set the edit mode. When the tool geometry with tool geometry 
number | occupies | pot in the left direction, 0.5 pots in the night 
direction, and 1.5 pots in the down direction, set data as shown in the 
figure below: 



























































TOOL GEOMETRY 
00123 NOOGB2 
NO. LEFT RIGHT UPPER LOWER GEOM 
goiif of of af oa A 
aa12 ef af af a A 
eaisf ef of of of a 
0014 ef af af a A 
eaisf of af of a A 
goisf of of af 2a A 
0017 ef 6af.)=S sl af A 
gois{ of af af af a 
9819 ef 6af_)=S sl af as A 
ga2af af af af oa A 

EDITING 
A> 
MEM STOP «« **«| [11:55:56] | 








Example of setting data on the tool geometry data screen 


- Display of occupied pots in the magazine management table 
Each pot occupied by a tool stored in another pot is indicated with an 
asterisk (*). 


MG MNG TABLE 4d- 1 


00123 NOOUBA 


























POT NO. TYPE-NO. POT NO. TYPE-NO. NO. TYPE-NO. 
a[ a 8 om 2 t) sPpLi[ a 8 
5[ @ 8 20 * () sppL2 [ @ i) 
6[ * 8 2i{ 6 a SPDL3 [ 0 t) 
(ig 8 22[ 0 6| sPbLa[ a i) 
af 8 23 * () walti [ @ a 
9[ 0 a 2a [3 a walt2 [ @ t) 
ia [ 6 ) 25 6| waltz | @ i) 
if a 8 26 t) walTta [ @ a 

8 27,5 t) 

t) 28 c 8 

I a 2a [8 ti) 

| =| t) sa {4 a 
[_* a 3i[ a 8 
| @ a 32, 0 ti) 
| @ 8 a3, 0 cy) 











A> 


MEM STOP +** *** 


12: 60:08 








TOOL FEACH TETOTAL §cOPRT>' 
OOoL LIFE 


Magazine management table 
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If a tool to be registered for a magazine is determined to interfere with 
another tool, the warning message “TOOL INTERFERENCE CHECK 
ERROR:Xxxx,xxxx” is displayed. xxxx indicates the tool number of 
each of the two tools. If a tool is determined to interfere with 
multiple tools, only the first tool detected by the NC interference 
check is displayed. 

If a tool is determined to interfere with the frame of a magazine, the 
tool number of the tool to be stored and “FRAME” are displayed. 


- Search for an empty pot for a large-diameter tool 


In the management data edit mode, pressing soft key [OPR], then soft 
key [+] displays the soft keys for searching for an empty pot for a 
large-diameter tool. 


MG MNG TABLE 4-1 00123 NOOOOWYD 


0 TYPE-NO. POT NO.  TYPE-NO. 
19 2 


20, * 










3 


oi 


NO. TYPE-NO. 
SPDLi[ @ 

sPppL2 [9 
SPDL3 [ @ 
sPDLa | 0 
WAIT1 + 
walt2 | @ 
waits [6 
walla [ @ 













A> 


MEM STOP *** *** 12: 06:88 


————, 
Sjeotelsorele| | JT | LE 
R SRCH. P 
| 


Searching for an empty pot for a large-diameter tool 











Enter the tool geometry number in the key-in buffer and press a search 

soft key. The cursor moves to an empty pot fit for the geometry. 

EMPTY-SRCH.N: Searches for an empty pot forward. 

EMPTY-SRCH.P: Searches for an empty pot backward. 

EMPTY-SRCH: Searches for the pot nearest to the current 
position. 
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- Tool management screen 


You can use bit 2 of tool information to switch between a 
large-diameter tool and normal tool. For a large-diameter tool, set a 
tool geometry number fit for the tool. 

































































TOOL MANAGER 00123 NQOOOBOQ 
NO. TYPE NO. MG POT L-COUNT MAX-LIFE NOTICE-L_ L-STATE 
| 1[e 2 R(T RONG 
2, 6 2B BER | a| 8 @ NO-MNG 
3 6 8 Rf =—s—(‘<é‘iYT;téi‘i‘(eéCCOC~C~” OC NO-MNG 
4 6 28 Rf ©of of @WNO-MNG 
5 6 @ BER | a| 8 @ NO-MNG 
6 6 8 BER[— ssStst~—‘iYTCC*~‘CSC NO-NG 
? 6 8 Rf =—‘<CiYT”téi‘<‘( wé«CCOC~”:CWNONG 
8 6 8 R | a| 8 @ NO-MNG 
9 6 28 UBER[  =—s—i“ssw@Tt—“‘(itséiCYTSCSCSC~*~*s*sé N-MNG 
10 6 28 Rf =——‘<CiYT;:téi‘(‘i‘ Wé«C:C~”:CWNO NG 
11 6 28 BER | a| 8 @ NO-MNG 
12 6 8 Rf =—s—i(‘<‘<éiéiat;!t~!”C~””~”C NO-MNG 
a ta 
A> 
MEM STOP ¥%* H+ 12: 80:08 
J ep fae ie 
NE oOoL LIFE 
Bit for switching between a normal tool and large-diameter tool 
TOOL MANAGER 00123 NQOQO@BO 









NO. TYPE NO. MG 


























A> 










MEM STOP *** *#* 12: 66:88 


TOOL |EACH TETOTAL §<OPRT> 
ooL LIFE 


Tool geometry number 
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12.3.10 Displaying and Switching the Display Language 


Procedure 


The language used for display can be switched to another language. 

A display language can be set using a parameter. However, by 
modifying the setting of the display language on this screen, the 
display language can be switched without turning off then on the 
power. 


Displaying and setting the display language 


1 Press function key ‘ 


2 Press the rightmost soft key (=) (continuous menu key) 
several times. 
3___ Press soft key [LANG.] to display the language screen. 


ACTUAL POSITION OO123 NQOOOQ 
F Qrevnin 
























ABSOLUTE 


0.000 






PARTS COUNT 953 
RUN TIME 12H15N33S 
) ° 020 CYCLE TIME 6H OM OS 


LANGUAGE 
SELECT LANGUAGE TO DISPLAY 
CURRENT : JAPANESE 


0.000 
Q@.000 
0.000 





OWN<xX 


* JAPANESE 





Gea Gsa 
Gi? G98 Gd0.1 
G90 G50 G25 8 
G22 G6? Gi68 » a 
G94 G97 G13.1 

G21 G5d 650.1 T 8 
G40 God G5d.2 5 
649.1669 680.5 





MEM STOP *** **« 12: 66: 68 | PATH1 











4 Press page key or ri then press cursor keys [+]. 
[+], [+]. and/or [=] to move the cursor to a desired display 


language. 

5 Press soft key [APPLY]. The display language is switched to the 
selected language. The language specified on this screen continues 
to be used if the power is turned off then back on. 


21243'- 


12.SETTING AND DISPLAYING DATA OPERATION B-63944EN/02 


Explanation 
- Language switching 


- Selectable languages 


Limitation 


The language screen can be displayed if bit 0 (NLC) of parameter No. 
3280 is set to 0. 


The display languages selectable on this screen are as follows: 


1. English 

2. Japanese 

3. German 

4. French 

5. Chinese (Simplified) 
6. Italian 

7. Korean 

8. Spanish 

9. Dutch 

10. Danish 

11. Portuguese 
12. Polish 

13. Hungarian 
14. Swedish 
15. Czech 


Among the languages listed above, English and other usable 
languages are displayed on the screen as a list of switchable 
languages. 


- Language parameter modification on the parameter screen 


Which language to use for display is specified with parameter No. 
3281. This parameter can be modified using the parameter screen as 
well. However, if a modification is made on the parameter screen, the 
new setting is not reflected until "APPLY" operation is performed on 
the language screen or the power is turned on again. If an invalid 
value is set in parameter No. 3281 on the parameter screen, the screen 
is displayed in English after the power is turned on again. 
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12.3.11 Protection of Data at Eight Levels 


You can set eight CNC and PMC operation levels and one of eight 
protection levels for each type of CNC and PMC data. 

When an attempt is made to change CNC and PMC data or output it to 
an external unit, the operation level is compared with the protection 
level to determine whether to allow the change or external output. 


12.3.11.1 Operation level setting 


You can set eight CNC and PMC operation levels. 


Displaying and setting the operation level setting screen 


Procedure 
1 Press function key . 


2 Press the continuous menu key (=) several times until 
[PROTECT] is displayed. 
3 Press soft key [PROTECT]. 
The operation level setting screen shown below is displayed. 


ACTUAL POSITION 00123 NOGOOOYD 


ABSOLUTE 


0.000 
Q.00 

0.000 
Q@.000 
0.000 


























PARTS COUNT 

RUN TIME 12H15N33S 

CYCLE TIME 6H 6M BS 
OPERATION LEVEL SETTING 


OPERATION LEVEL@ 


OWN<xX 


INPUT PASSWORD [ 


Gea Gse Gi5 Le M a 
Gi? G98 Gd8.1 


698 650 Ga | 8 
G22 G6? Gi60 » a 
G94 G9? G13.1 

G21 G54 650.1 T 8 
G40 G6d 654.2 . - 





Gd9.1G69 G88.5 
MEM STOP *** *** 12: 66:68 | PATH1 


< REL ALL HNDL CANCEL |INPUT 
PASSW |PASSWD 


Fig. 12.3.11.1 (a) Operation level setting screen 











4 Key in the password for an operation level to be set/modified, 
then press soft key [INPUT]. 

5 To return the operation level to 0, 1, 2, or 3, press soft key 
[CANCEL PASSWD]. 
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Explanation 


- Operation level setting 
To select operation level 0 to 3, use the corresponding memory 
protection key signal. 

To select operation level 4 to 7, use the corresponding password. 
Table 12.3.11.1 (b) Operation level setting 
Operation level Setting Sample grouping 

Password 

Password MTB 

Password Dealer and integrator 

Password End user 

Memory protection key signal User level (level 1 

Memory protection key signal User level (level 2 

Memory protection key signal User level (level 3 

Memory protection key signal User level (level 4 





























) 
) 
) 
) 





When operation level 4 to 7 is set, the operation level remains 
unchanged until the password is cleared. 

(The operation level also remains unchanged if the power is turned 
off.) 

Operation level 7 is reserved for CNC and PMC maintenance. 


NOTE 


When a password is being entered, an asterisk (*) is 
displayed instead of each entered character. 
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12.3.11.2 Password modification 


Procedure 


The current operation level is displayed. 
The password for each of operation levels 4 to 7 can be modified. 


Displaying and setting the password modification screen 


1 Press function key : 


2 Press the continuous menu key (=) several times until 
[PROTECT] is displayed. 
Press soft key [PROTECT]. 
4 Press soft key [PASSWORD]. 
The password change screen shown below is displayed. 


ACTUAL POSITION 00123 NOOOOYG 
F Oren 


PARTS COUNT 953 

RUN TIME 12H15N33S 

CYCLE TIME 6H OM 8S 
PASSWORD CHANGE 


OPERATION LEVEL @ 


ie?) 










ABSOLUTE 


0.000 
Q.00 

0.000 
Q@.000 
0.000 















OWN<xX 


CHANGE OPERATION LEVEL a td-~?3 
OLD PASSWORD 


— 
Goo Gsa Gis) F M p | NEW PASSWORD 
Gi? G98 GdO0.1 
oe cin NEW PASSWORD CHECK 

G22 G6? Gi60 » 
G94 G97 G13.1 
G21 G54 650.1 T 
G40 G6d G5d.2 
649.1669 680.5 


A> 







MEM STOP *** **« 12: 66: 68 | PATH1 








5 Key in an operation level whose password is to be modified, then 
press soft key [INPUT]. 

6 Key in the current password for the operation level whose 
password is to be modified, then press soft key [INPUT]. 

7 Key ina new password, then press soft key [INPUT]. 

8 Key in the new password again for confirmation, then press soft 
key [INPUT]. 

9 Press soft key [PASSWDCHANGE]. 

10 Toclear the password, press soft key [PASSWDCLEAR]. 


Fig. 12.3.11.2 (a) Password modification screen 
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Explanation 
Up to eight characters (only uppercase alphabetic characters and 
numeric characters) can be input. 


NOTE 
1 For a password, consisting of three to eight 
characters, the following characters are available: 
e Uppercase alphabetic characters 
e Numeric characters 
2 When a password is being entered, an asterisk (*) is 
displayed instead of each entered character. 
3 Whether a password can be changed at the current 
operation level is determined as follows: 
e Password of an operation level higher than the 
current operation level 
Cannot be changed. 
Password of the current operation level 
Can be changed. 
Password of an operation level lower than the 
current operation level 
Can be changed (only to the initial password). 
4 The set password is not displayed. 
Be careful not to forget the password. 
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12.3.11.3 Protection level setting 


The current operation level is displayed. 

The change protection level and output protection level of each data 
item are displayed. 

The change protection level and output protection level of each data 
item can be changed. 


Confirmation based on protection level setting 


Procedure 
1 Press function key : 


2 Press the continuous menu key (e) several times until 
[PROTECT] is displayed. 

3. __— Press soft key [PROTECT]. 

4 Press soft key [DATA LEVEL] to change the protection level of 
CNC data or press soft key [PMC LEVEL] to change the 
protection level of PMC data. 

The following protection level change screen is displayed. 


ACTUAL POSITION OB123 NOOOGBD 



















ABSOLUTE F Q 
Q ° 121%) PARTS COUNT ca 
O. 000 |erar tHe oi OF 8s 


PROTECT LEVEL 


OPERATION LEVEL @ 





0.000 
Q.000 


<X<ONX 























DATA TYPE CHAN OUTP 
PARAMETER DATA [4[o4 
BETTING DATA a| a 
Naval PITCH ERROR DATA 4[ a. 
[TIME a| a 
G9? G54 LF an 8 |cUSTOM MACRO o| a. 
Geom God H a PERIODICAL MAINTENANCE DATA | 0 | 0 
is pos A a 5 [ORK ZERO SHIFT o| 8. 
aa ORK ZERO OFFSET a| a 
625 T Q HANGE PROGRAMS FOR EACH PAR| 8 | @ 
680 PRESET OF ABSOLUTE AXIS DATA, @ | @ 
s t) 
667 A> 







MEM STOP *** *** 12: 66: 68 | PATH1 








[es] Z Z 


Fig. 12.3.11.3 (a) Protection level change screen 


5 Move the cursor to the change level or output level of a desired 
data item. 
6 Key inanew desired level, then press soft key [INPUT]. 


NOTE 
When the protection level of PMC data is set, soft 


key [PMC SWITCH] is used to switch between PMC 
paths to be set, for multipath PMC. 
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Explanation 
When the protection level of a data item is higher than the current 
operation level, the protection level of the data item cannot be 
changed. 
The protection level of a data item cannot be changed to a protection 
level higher than the current operation level. 
For each of the following types of data, you can set a data protection 
level. 
There are the following two types of data protection levels: 
e Change protection level 
Sets the protection level used when data is changed. 
e Output protection level 
Sets the protection level used when data is output (punched out) 
to an external unit. 
As a protection level, you can set a value of 0 (low) to 7 (high). 


Table 12.3.11.3 (c) Protection level of each type of data 


Initial protection 
Type of data level 


Change | Output 





Custom macro variable data <CUSTOM MACRO> 

(including variable data dedicated to the macro executor) 

Periodical maintenance data <PERIODICAL MAINTENANCE DATA> 

Tool management data <"TOOL LIFE TIME DATA> 

Tool offset data <TOOL OFFSET DATA> 

(For each type when tool geometry compensation and tool wear compensation 
are treated differently) 

Clock data <TIME> 

Workpiece origin shift amount data <WORK ZERO SHIFT> 

Workpiece origin offset data <WWORK ZERO OFFSET> 

Parameter data <PARAMETER DATA> 

Settings <SETTING DATA> 

Pitch error compensation data <PITCH ERROR DATA> 

(including three-dimensional error compensation data) 

Each part program <PROGRAMS FOR EACH PARTS> 

Part program editing operation <CHANGE PROGRAMS FOR EACH PARTS> 
Absolute coordinate preset operation <PRESET OF ABSOLUTE AXIS DATA> 















































O/OJO}] F&F |O|HRI/O[O/O 
O;JOJO; GO JOJOJOJO|oO 


Table 12.3.11.3 (d) Protection level of PMC data 
Initial protection level 
Change Output 





Type of data 


oO 
oO 


Composition parameter 
Setting (online) 
Setting (each path) 
Sequence program 
PMC parameter 
Timer 

Counter 

Keep relay 

Keep relay (system) 
Data table 

Data table control 
PMC momory 






































OlOJSO/O;SO/O;O}/O;O/;O;O 
O/lOJSO/O;SOJ/O;O}/O;O/O};O 
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NOTE 
For some types of data, the output function is not provided. 
When the protection level of data is higher than the current operation 
level, the protection level cannot be changed. 
The protection level of data cannot be changed to a level higher than 


the current operation level. 

Settable types of data increase or decrease, depending on the option 
configuration. 

For details on the protection level of PMC data, refer to "PMC 
Programming Guide(B-63983EN)". 
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12.3.11.4 Setting the change protection level and output protection 
level of a program 


The display/operations indicated below can be performed from the 
directory screen. 

The change protection level and output protection level of each part 
program are displayed. 

The change protection level and output protection level of each part 
program can be changed. 


Setting the change protection level and output protection level of a program 


Procedure 
1 Press function key : 


2 Press soft key [LIST]. 
The program directory screen shown below is displayed. 


ote 00123 NOOGB2 
DEFAULT DIRECTORY 
FORE GROUND: 7CNC_MEM/ | 
BACK GROUND: '7CNC_MEM/USR/PATH17 
DEVICE SELECT I|(CNC_MEM 
PROGRAM LIST « CURRENT DIRE: / > 





<DIRECTORY> 
<DIRECTORY> 
<DIRECTORY> 





USED PAGE 1 CKBYTE] USED DIRECTORY 12 
FREE PAGE 541i CKBYTE] FREE DIRECTORY 588 
A> 
MEM STOP *** *** 12: 66: 68 | PATH1 














< FILE DETAIL |DETAIL |CHANGE DELETE|RENAME| PROG JEDIT EDIT + 
MAKE ON OFF DIR CONDEN |DISABL |ENABLE 


Fig. 12.3.11.4 (a) Program directory screen 


3. Press the continuous menu key (=) several times until 
[DETAILON] is displayed. 

4 Press soft key [DETAILON]. The screen display switches to 
the detail display screen. 

5 Move the cursor to a desired program. 

6 Press the continuous menu key (=) several times until 
[CHANGELEVEL] is displayed. 

7 Key in a new desired level, then press soft key 
[CHANGELEVEL]. 

8 To change the output protection level, key in a new desired level, 
then press soft key [OUT LEVEL]. 
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Explanation 


The change protection level (0 to 7) and output protection level (0 to 
7) are displayed as "CHANGE PROTECTION LEVEL 
VALUE/OUTPUT PROTECTION LEVEL". 


NOTE 

1 When the protection level of data is higher than the 
current operation level, the protection level cannot 
be changed. 


2 The protection level of data cannot be changed to a 
level higher than the current operation level. 

3 A protection level can be set only for those part 
programs that are held on the "CNC_MEM" device. 
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12.3.12 Precision Level Selection 


An intermediate precision level between the parameters for emphasis 
on velocity (precision level 1) and the parameters for emphasis on 
precision (precision level 10) set on the machining parameter tuning 
screen can be selected. As shown in the figure below, the levels are 
proportionally linear, and an intermediate level can be selected so that 
optimal parameters can be automatically calculated to perform 
machining. 


RMS value 


10 ‘Precision level 





Fig. 12.3.12 (a) Image of "level" 


Procedure for precision level selection 


1 Set the MDI mode. 
2 Press function key ‘ 
3 __ Press soft key [PR-LEV]. 


ACTUAL POSITION 









00123 NOOGB2 
F QDrevnin 


PARTS COUNT 
RUN TIME 6H OM OS 
CYCLE TIME 





ABSOLUTE 


0.000 
Q@.000 










VELO¢1)-PRECC18> 
ACC FOR BIPL 3186. ddd CMM/S/S? 
ACC CHG TIMECBELL? 46 (MSEC? 

Q ny 000 JERK ACC DIFF 608. 888 <MM/S/S> 
JERK ACC DIFFCLIN? 1808. 680 CMM/S/S> 
an JERK ACC RATIO 15¢%) 














MAX ACCELERATION 1918. 778 (MM/S/S) 
Gee G86 Gi5 F aM 6 T-CON AIPL ACC/DEC 19 (MSEC 
leh Ue Wee’ PA CORNER FEED DIFFER 733. 333. CMM/MIN? 
ed) Gell Gee MAX CUT FEEDRATE 10000. 880 CMM /MIN> 
See Gb? B1e8 Db 8 NUMBER 2066 -14 
G94 G9? G13.1 
G21 GSd 650.1 T a NUMBER 2047 111 
GAB G64 G54.2 . “ 


A> 









MEM STOP *** *** 12: 66: 68 | PATH1 








Fig. 12.3.12 (b) Precision level selection screen 
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To change the precision level, key in a desired precision level (1 
to 10), then press the key on the MDI panel. 


When the precision level is changed, a RMS value is obtained 
from the  velocity-emphasized parameter set and 
precision-emphasized parameter set for parameter modification. 
For the modified parameters, see the description of the 
machining parameter tuning. 

If there is an axis in addition to the currently displayed axes, 


press page key or several times to display the 


screen for the axis. 
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12.4 SCREENS DISPLAYED BY FUNCTION KEY 





When the CNC and machine are connected, parameters must be set to 
determine the specifications and functions of the machine in order to 
fully utilize the characteristics of the servo motor or other parts. 

This chapter describes how to set parameters on the MDI panel. 
Parameters can also be set with external input/output devices such as 
the memory card (see III-8). 

In addition, pitch error compensation data used for improving the 
precision in positioning with the ball screw on the machine can be set 


or displayed by the operations under function key[>| : 


See III-7 for the diagnosis screens displayed by pressing function key 


SYSTEM 
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12.4.1 Displaying and Setting Parameters 


Procedure 





When the CNC and machine are connected, parameters are set to 
determine the specifications and functions of the machine in order to 
fully utilize the characteristics of the servo motor. The setting of 
parameters depends on the machine. Refer to the parameter list 
prepared by the machine tool builder. 

Normally, the user need not change parameter setting. 


Procedure for displaying and setting parameters 


1 Set 1 for PARAMETER WRITE to enable writing. See the 
procedure for enabling/disabling parameter writing described 
below. 


2 Press function key . 


Press chapter selection soft key [PARAM] to display the 
parameter screen. 


PARAMETER OO123 NOOOOYD 

















aa998 SEQ INI ISO TUC @8024 OUT CHANNEL/F. G. 
p bp Bb BP BP p 4 
ao001 Foy 90022 INP CHANNEL/B. G. 
p Pp 6 6 BP BP fP BB 4 
go0e2 Siz 88823 OUT CHANNELVB. G. 
p Pp 6B BP BP BP f Bf 4 
90010 MIF PEC PRM PZS 98024 10 
p bP B@ 6 B B f ft  gei190 ENS TOP a5 a a Q P 
90012 RMU MIR A 
x1 6B B B BP B B B BP  goiei nev ASI SB2 
zi 6 @ B® 6 6 Bb pf Bb p bp Bb Bb BP bP fp A 
ci 6 6 6 B B B PB BP  geie2 10 seLEcT cHo 
vi 6 6 BP B BP B f BP ro 
a bP P BP B BP PB P P  ges93 paupRATE cHe 
90020 1/0 CHANNEL [40 


a 


A> 


MEM STOP *** ¥*«|  [12:@0:@0/PATH1 | 
< JNO. SRH| ON:4 [OFF:@ |+INPUT|INPUT READ |PUNCH 











4 Move the cursor to the parameter number to be set or displayed 
in either of the following ways: 
e —_ Enter the parameter number and press soft key [NO.SRH] . 
e Move the cursor to the parameter number using the page 


keys, and rik and cursor keys, [+]. [¥]. 
[+], and [| 


5 To set the parameter, enter a new value with numeric keys and 
press soft key [INPUT]. The parameter is set to the entered value 
and the value is displayed. 

6 Set 0 for PARAMETER WRITE to disable writing. 
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Procedure for enabling/displaying parameter writing 


Procedure 
1 


2 
3 


Select the MDI mode or enter state emergency stop. 


OFFSET 


Press function key ; 
Press soft key [SETTING] to display the setting screen. 





OWN<X 





ACTUAL POSITION 


weal SEQUENCE NO. =/8¢@:0FF 1:0N> 
GOOG GBA Gi5 F M @ PROGRAM FORMAT = (O:NO CNY 1:F15> 
Gi? G98 Gd0.1 SEQUENCE STOP =| 65537 PROGRAM NO. > 
698 G50 G25 oy SEQUENCE STOP = @ <SEQUENCE NO. > 
G22 G6? Gi6a » 8 
G94 G9? G13.4 
G21 G5d 650.1 7 f) 
G48 G64 G54.2 + 
649.1669 G80.5 A> 







00123 NOOGB2 
F Qrevnis 


PARTS COUNT 953 
RUN TIME 12H15N33S 
CYCLE TIME 6H OM OS 
SETTING HANDY > 


ABSOLUTE 


0.000 
Q@.000 
Q@.000 
0.000 
Q.000 
















PARAMETER WRI TE=[1 (8: DISABLE 1: ENABLE? 
TY CHECK =p (0: OFF 1:0N> 
PUNCH CODE =]1 <@:EIA 1:1S0> 
INPUT UNIT = CO: MM 1: INCH> 
170 CHANNEL | 4 (8-35: CHANNEL NO. > 








MEM STOP *** **« 12: 66: 68 | PATH1 





Move the cursor to PARAMETER WRITE using cursor keys. 
Press soft key [(OPRT)], then press [ON :1] to enable parameter 
writing. 

At this time, the CNC enters the alarm state (SW0100). 

After setting parameters, return to the setting screen. Move the 
cursor to PARAMETER WRITE and press soft key [((OPRT)] , 
then press [OFF :0]. 


Depress the |reset} key to release the alarm condition. 


When an alarm (PS0000) occurred, however, it is not released 
unless the power is turned off and back on. 
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- Setting parameters with external input/output devices 


See III-8 for setting parameters with external input/output devices 
such as the memory card. 


- Parameters that require turning off the power 


- Parameter list 


- Setting data 


Some parameters are not effective until the power is turned off and on 
again after they are set. Setting such parameters causes alarm PW0000. 
In this case, turn off the power, then turn it on again. 


Refer to the Parameter Manual (B-63950EN) for the parameter list. 


Some parameters can be set on the setting screen if the parameter list 
indicates "Setting entry is acceptable". Setting 1 for PARAMETER 
WRITE is not necessary when three parameters are set on the setting 
screen. 
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12.4.2 Displaying and Setting Pitch Error Compensation Data 


If pitch error compensation data is specified, pitch errors of each axis 
can be compensated in detection unit per axis. 

Pitch error compensation data is set for each compensation point at the 
intervals specified for each axis. The origin of compensation is the 
reference position to which the tool is returned. 

The pitch error compensation data is set according to the 
characteristics of the machine connected to the NC. The content of 
this data varies according to the machine model. If it is changed, the 
machine accuracy is reduced. 


In principle, the end user must not alter this data. 


Pitch error compensation data can be set with external devices such as 
the memory card (see Chapter III-8). Compensation data can also be 
written directly with the MDI panel. 


The following parameters must be set for pitch error compensation. 
Set the pitch error compensation value for each pitch error 
compensation point number set by these parameters. 


In the following example, 33 is set for the pitch error compensation 
point at the reference position. 


Pitch error compensation value (absolute value) 
Compensation number 


Compensation number parameter for the 


eeiGt Re ci : Boia compensation point having 
position (No. 


i the largest value (No. 
2 1.3622), 


! 
! 
i 
32 33 34 35 36 





siedtoleecces sacs 
N 


1 
Compensation magnification 


1 
parameter (No. 3623) 
ee i. 


Compensation number parameter for Compensation 
the compensation point having the interval parameter 
smallest value (No. 3621) (No. 3624) 


Compensation 
position number 31 





Compensation 








e Number of the pitch error compensation point at the reference 
position (for each axis): Parameter 3620 

e Number of the pitch error compensation point having the 
smallest value (for each axis): Parameter 3621 

e Number of the pitch error compensation point having the largest 
value (for each axis): Parameter 3622 

e Pitch error compensation magnification (for each axis): 
Parameter 3623 

e Interval of the pitch error compensation points (for each axis): 
Parameter 3624 
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e —_ Travel distance per revolution of pitch error compensation of the 
rotary axis type (for each axis): Parameter 3625 


- Bi-directional pitch error compensation 


The bi-directional pitch error compensation function allows 
independent pitch error compensation in different travel directions. 
(When the movement is reversed, compensation is automatically 
carried out as in a backlash.) 

To use this function, specify pitch error compensation for each travel 

direction, that is, separately for the positive and negative directions of 

a movement. 

When using bi-directional pitch error compensation (setting the 

parameter BDP (No. 3605#0) to 1), specify the following parameters 

in addition to the pitch error compensation parameter. 

e Number of the pitch error compensation point at the negative end 
(for travel in the positive direction, for each axis): Parameter 
3621 

e Number of the pitch error compensation point at the positive end 
(for travel in the positive direction, for each axis): Parameter 
3622 

e Number of the pitch error compensation point at the negative end 
(for travel in the negative direction, for each axis): Parameter 
3626 

e Pitch error compensation in the reference position when moving 
to the reference position from opposite to the reference position 
return direction (for each axis) Parameter 3627 


Procedure for displaying and setting the pitch error compensation data 


Procedure 


1 Set the following parameters: 

e Number of the pitch error compensation point at the 
reference position (for each axis): Parameter 3620 

e Number of the pitch error compensation point having the 
smallest value (for each axis): Parameter 3621 

e Number of the pitch error compensation point having the 
largest value (for each axis): Parameter 3622 

e Pitch error compensation magnification (for each axis): 
Parameter 3623 

e Interval of the pitch error compensation points (for each 
axis): Parameter 3624 

e Travel distance per revolution of pitch error compensation 
of the rotary axis type (for each axis): Parameter 3625 

When using bi-directional pitch error compensation (setting the 

parameter BDP (No. 3605#0) to 1), specify the following 

parameters in addition to the pitch error compensation parameter. 

e Number of the pitch error compensation point at the 
negative end (for travel in the positive direction, for each 
axis): Parameter 3621 
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e Number of the pitch error compensation point at the 
positive end (for travel in the positive direction, for each 
axis): Parameter 3622 

e Number of the pitch error compensation point at the 
negative end (for travel in the negative direction, for each 
axis): Parameter 3626 

e Pitch error compensation in the reference position when 
moving to the reference position from opposite to the 
reference position return direction (for each axis) 
Parameter 3627 


2 Press function key |ss"™y . 
3 Press the continuous menu key (=) , then press chapter 


selection soft key [PITCH]. 
The following screen is displayed: 


ACTUAL POSITION 00123 NOOOOD 


ABSOLUTE 


0.000 
Q.00 
0.000 

















PARTS COUNT 
RUN TIME 6H 8M 8S 
CYCLE TIME 












OWN<xX 









DATA NO. DATA NO. DATA 
Q ° 020 ooi11[ 9  022/ 2 
@ eoi2[ 6 023| @ 
[ 6 eoi3{ 6 oo24[ Oo 
| @ gia[ @ 025 @ 
6 e015 6 oa26/ 2o 
Gi? G50 Giea F aM rr) Yo ED 
G98 G6? G13.1 6 8617; 8 6628] 38 
G22 G97 G5B.1 us] | @ oai8s[ @ a29| 2@ 
G94 G5d G5d.2 p 8 6 o919[ 8 sas0| a 
G21 G64 Ge8e.5 [a oe2a! 0 
Gag G69 T 8 [ @ 8032 
Gd9. 1615 = a 
G98 G25 





MEM STOP *** *#% 12: 66:68 | PATH1 


yn HANDLE! oJ Ee OFF:@ |+INPUT | INPUT "| 


Move the cursor to the compensation point number to be set in 
either of the following ways: 


e Enter the compensation point number and press the 
[NO.SRH] soft key. 
e Move the cursor to the compensation point number using 


the page keys, and [‘y. and cursor keys, [+]. 
(=), (Wns 


5 Enter a value with numeric keys and press the [INPUT] soft key. 
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12.4.3 Displaying and Setting Three-Dimensional Error 
Compensation Data 


In ordinary pitch error compensation, compensation is applied to a 
specified compensation axis (single axis) by using its position 
information. For example, pitch error compensation is applied to 
X-axis by using the position information of X-axis. 

Three-dimensional error compensation is a function that adjusts the 
current position by calculating compensation data (for three axes) 
from the compensation amounts at surrounding compensation points 
(eight points) on the basis of the interior division ratio in the 
compensation area (rectangular parallelepiped) containing the current 
position on up to three compensation axes. 


- Calculation of compensation 
Three-dimensional error compensation is calculated as follows. 


P8 [C8x, C8y, Cézy’ P7 [C7x, C7y, C7z] 








P5 [C5x, C5y, C5z] by, C6z] 


P (Px, Py, Pz) °. 


P3 [C3x, C3y, C3z] 


P1 [C1x, Cty, C1 a P2 [C2x, C2y, C2z] 


Let three compensation axes be X, Y, and Z (three basic axes) and the 
coordinates of the current position be P (Px, Py, Pz). consider a 
compensation space (rectangular parallelepiped) containing P. Let its 
vertexes be Pl, P2, ..., and P8 and the compensation values for the 
individual axes at the individual vertexes be Cnx, Cny, and Cnz 
(where n is a number between | and 8). 

Let the interior division ratio on X-axis at P be x. Here, x is 
standardized in the range of 0 to | as follows: 


PX PIS | 
| P2x — Pix | 


Pix and P2x are the X coordinates of P1 and P2. The interior division 
ratios on Y and Z-axes are determined in the same way. 
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The compensation amount Cx for X-axis at P isdetermined as follows: 
Cx = Clxx (1-x)x(1- y)x 1-2) + C2xxxx(l- y)x(1-z) 
+C3xxxxyx(l-z)+C4xx(1-x)x yx (1-z) 
+ C5x x (1-x)x (1- y)x z+ C6xxxx(1-y)xz 
+ CTxxxx yxz+C8xx(l-x)x yxz 


The compensation amount Cy and Cz on Y and Z-axes are determined 
in the same way. 


The actual compensation amounts are the calculated compensation 
amounts multiplied by the compensation magnifications (Parameter 
No.10809 to 10811). 


- Number of compensation points 
Up to 15625 compensation points (up to 25 points per axis) can be set. 
The numbers of compensation points on the individual axes are set for 
parameters No.10803 to 10805. The ordering of the compensation 
point numbers in the compensation space is as follows. 


(Third compensation axis) 


(Second compensation axis) 


Max1 : Number of compensation points on the first axis (up to 25) 
Max2 : Second axis (up to 25) 
Max3 : Third axis (up to 25) 


(First compensation axis) 


Max1 < Max2 x (Max3-1) YAU, 


Max1 X Max2 x Max3 





Max1 X Max2 x 3 
Max1 X Max2 x 2 


Max1 X Max2 


Max1 x Max2+1 


Max1 X Max2+Max1 
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Displaying and setting three-dimensional error compensation data 


1 Set the following parameters: 


First compensation axis for three-dimensional error 
compensation : Parmeter (No. 10800) 

Second compensation axis for three-dimensional error 
compensation : Parmeter (No. 10801) 

Third compensation axis for three-dimensional error 
compensation : Parmeter (No. 10802) 

Number of compensation points for three-dimensional error 
compensation (first compensation axis) 

Parmeter (No. 10803) 

Number of compensation points for three-dimensional error 
compensation (second compensation axis) 

Parmeter (No. 10804) 

Number of compensation points for three-dimensional error 
compensation (third compensation axis) 

Parmeter (No. 10805) 

Compensation point number of the reference position for 
three-dimensional error compensation (first compensation 
axis) : Parmeter (No. 10806) 

Compensation point number of the reference position for 
three-dimensional error compensation (second 
compensation axis) : Parmeter (No. 10807) 

Compensation point number of the reference position for 
three-dimensional error compensation (third compensation 
axis) : Parmeter (No. 10808) 

Magnification for three-dimensional error compensation 
(first compensation axis) : Parmeter (No. 10809) 
Magnification for three-dimensional error compensation 
(second compensation axis) : Parmeter (No. 10810) 
Magnification for three-dimensional error compensation 
(third compensation axis) : Parmeter (No. 10811) 
Compensation interval for three-dimensional — error 
compensation (first compensation axis) 

Parmeter (No. 10812) 

Compensation interval for three-dimensional error 
compensation (second compensation axis) 

Parmeter (No. 10813) 

Compensation interval for three-dimensional error 
compensation (third compensation axis) 

Parmeter (No. 10814) 




















2 Press function key , 


- 1265 - 


12.SETTING AND DISPLAYING DATA OPERATION B-63944EN/02 


3. Press the continuous menu key several times, then press 
chapter selection soft key [3D ERR COMP]. The following 

























































































screen appears: 

[S-DIMENSIONAL ERROR COMPENSATION O i) 1 2 3 N 7”) Q Q i) Q 
POINT NO. DATALC] DATALZY2] DATALXXX] POINT NO. DATALC] DATALZY2] DATALXXX] 
goeo1 «=f 5 6 98014 8 a 8 
gaee2 | a a | a ge015 | 6 | a a 
gases | 8 6 | 8 oa016 | 6 | a a 
gasaa =| 8 6 | 8 e001? =| 6 | a 8 
gases) | 8 6 | 8 oasis =| 6 | a 8 
gases =| 8 6 | 8 ga019 | 6 | 8 8 
gaca? =| 8 a | 8 gae20 | a | 8 8 
goose =| a a | 6 9021 | 8 | a a 
gaaa9 a a 8 aBa22 8 a a 
99010 a a 8 488823 a a a 
9aa11 8 a 8 aBa2a 8 a a 
99012 8 a 8 89825 8 a a 
ga013 | C) a | 6 90026 | a | C) 8 

COMPENSATION = C @ 2¥2 @ XXX @ 
A> 
MEM STOP ### + 12:00:00] PATH1 











BD €OPRT >| 
COMP 


4 Move the cursor to the position of the compensation point 
number you want to set using either of the following methods: 


Select the MDI mode. 

Set bit 0 (PWE) of parameter No. 8900 to 1. 

Enter a compensation point number and press soft key [NO. 
SRH]. 

Move the cursor to the compensation point number or 
compensation axis you want to set by pressing page keys 


and/or (‘y}. and cursor keys [+]. [+]. [+], 
and [=]. 


Enter compensation data in detection units. The valid data 
range is from -128 to 127. 
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12.4.4 Servo Parameters 


This subsection describes the initialization of digital servo parameters 
performed, for example, at the time of field tuning of the machine 
tool. 


Procedure for servo parameter setting 


Procedure 

Turn on the power in the emergency stop state. 

Set the parameter SVS (No.3111#0) = 1 for displaying the servo 

setting tuning screen. 

3. Turn off the power then turn on the power again. 

4 Display the servo parameter setting screen according to the 
procedure below. 


Press the key, (=), and [SV-PRM] in this order. 


The screen below is displayed. 
ACTUAL POSITION 


NO Re 









00123 NOOGBA 
F Qrevnin 


PARTS COUNT 8 
RUN TIME 6H OM OS 
CYCLE TIME 6H OM 8S 


Q@.000 
SERVO SETTING 


0.000 X AXIS ¥ AXIS 2 AXIS 
Q 2 000 INITIAL SET 99998010 jpo880019 penGeD10 





ABSOLUTE 


0.000 























OWN<xX 


MOTOR ID NO. | 152 | 152 | 152 
74) . 0G0 AMR paseeeee fosaeees poaoacaG 
CHR 





















G1? G5 ci) 

G96 G6? G13.1 [400 

622 697 Gse.1 " 2 een am a bai 
are i DIRECTION SE | 111 | 111 | 111 
ee a ane a 4 VELOCITY PUL[ 8192[ _8192[ 8192 
G48 G69 T r) POSITION PUL[ 12508[ 12508[ 12500 
Gd9. 1615 5 = REF. COUNTER 19880 19888 19888 
G98 G25 A> 


MDI STOP *** *** 12: 66: 68 | PATH1 












_ 5 _ 


Fig. 12.4.4 (a) Servo parameter setting screen 
5 With the page keys and cursor keys, move the cursor to the 


position of data to be set or modified. 
6 Key ina desired value then press soft key [INPUT]. 
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12.4.5 Servo Tuning 


Procedure 


Data related to servo tuning is displayed and set. 


Procedure for servo tuning 


1 Turn on the power in the emergency stop state. 
2 Set the parameter SVS (No.3111#0) = 1 for displaying the servo 
setting tuning screen. 
Turn off the power then turn on the power again. 


Press the key, (=), and soft key [SV-PRM] in this order. 


3 

4 

5 Press soft key [SV.TUN] to select the servo tuning screen. 

6 With the cursor keys and page keys, input data necessary for 
initialization. The screen below is displayed. 


B-63944EN/02 





ACTUAL POSITION 


OWN<xX 


Gi? G5e 
G98 G6? 
G22 G97 
G94 G5d 
G21 G64 
G46 G69 
Gda9. 1615 
G98 G25 





ABSOLUTE 









F 


PARTS COUNT 

RUN TIME 

CYCLE TIME 
SERVO MOTOR TUNING 


0.000 
Q.00 
0.000 


X AXIS 


0.000 <PARAMETER? «MONITOR? 
FUNC. BIT ALARM 1  egga8880 

QB. OGD | coor cain 3000 ALARM 2 gsggg90aa 
TUNING ST. ALARM 3 6a888880 


SET PERIOD| 8 ages 2 
: PROP. cain | Sea. LOOP SAIN 
: = POS ERRO 
Py FILTER @ CURRENTC%3 
VELOC. GAIN 188 CURRENT¢A> 
7) SPEED¢RPM> 
a 
(7) 


= 
oe 


A> 


MEM STOP #48 se 





Fig. 12.4.5 (b) Servo tuning screen 


00123 NOBBGO 







12: 68: 66 | PATH1 


i [| ie 
























7 With the page keys and cursor keys, move the cursor to the 
position of data to be set or modified. 
8 Key ina desired value then press soft key [INPUT]. 
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12.4.6 Spindle Setting 


Parameters related to spindles are set and displayed. In addition to 
the parameters, related data can be displayed. Screens for spindle 
setting, spindle tuning, and spindle monitoring are provided. 


Setting spindle parameters 


Procedure 
1 Set bit 1 (SPS) of parameter No. 3111 to 1 to display the spindle 
setting and tuning screens. 
2 Do the following to display the spindle parameter setting screen: 


Press the key, (=), then [SP.SET]. 


3 Press the [SP.SET] soft key to select the spindle setting screen. 
4 _ The following screen appears: 


ACTUAL POSITION 00123 NOUOGBD 


ABSOLUTE FF Qaavanre 


Q ° 080 PARTS COUNT 74 
QO. OOO | oe ine ai oF Os 
Q@.800 
0.000 

GEAR RATIO [168 


0.000 
MAX SPINDLE SPEED 568 
MODAL MAX MOTOR SPEED 4960 
690 622 650 F MAX C AXIS SPEED 168 
G9? G8B G58.2 


8 
698 69s Gi3.1 4 8 
G69 G6? G50.1 p a 
8 
8 












GEAR SELECT 71 
SPINDLE :S11 


<PARAMETER> 










OWN<xX 











G95 GSad Gdag9.1 
G26 G64 
G46 G18 
G25 G69.1 A> 


MEM STOP *** *** 12:66:66} PATH 


im _ a a [ | i fe [] 


Fig. 12.4.6 (a) Spindle setting screen 














5 Move the cursor to the position of the data you want to set or 
modify by using the page keys and cursor keys. 
6 Type a value, then press the [INPUT] soft key. 
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12.4.7 Spindle Tuning 


Procedure 


Spindle tuning data is displayed and set. 


Setting for spindle tuning 


1 Set bit 1 (SPS) of parameter No. 3111 to 1 to display the spindle 
setting and tuning screens. 
2 Do the following to display the spindle parameter setting screen: 


Press the key, (C=), then [SP.SET]. 


3 Press the [SP.TUN] soft key to select the spindle tuning screen. 
4 _ The following screen appears: 


ACTUAL POSITION O08 4 23 NG@OOOG 


ABSOLUTE | eens 2 


4 bd 4) 41%) PARTS COUNT 71 
@. GG |". ar 
0.000 

0.000 
0.000 












OPERATION :SPEED CONTROL 
GEAR SELECT :4 
SPINDLE S14 
(PARAMETER? (MONITOR? 
PROP.GAIN [ ‘2. MOTOR 
INT. GAIN 2 SPINDLE 
MOTOR YOLT 30 
REGEN.PW [ 83 









OWN<xX 
















Gea G22 G58 [Fe 
G9? G88 658.2 
G96 G98 Gi3.1 
G69 G6? G58.1 p 
G95 G5ad Gda9.1 
G26 G64 

G48 G18 

G25 G69.1 A> 


MEM STOP *** *#* 12:66:66} PATH1 


ia = = os [I a [J 


Fig. 12.4.7 (a) Spindle tuning screen 














5 Move the cursor to the position of the data you want to set or 
modify by using the page keys and cursor keys. 
6 Type a value, then press the [INPUT] soft key. 
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12.4.8 Spindle Monitor 


Spindle-related data is displayed. 


Displaying the spindle monitor 


Procedure 
1 ~~ Set bit 1 (SPS) of parameter No. 3111 to 1 to display the spindle 
setting and tuning screens. 
2 Do the following to display the spindle parameter setting screen: 


Press the key, [c=], then [SP.SET]. 


3. Press the [SP.MON] soft key to select the spindle monitor screen. 
4 _ The following screen appears: 


ACTUAL POSITION Og 1 23 NGOOOG 


ABSOLUTE Ew ee 


4 . 741) PARTS COUNT 71 
0. GOO | oor Tine ai or 85 
0 . 0B0 SPINDLE MONITOR 
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6% 
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ALARM E 
OPERATION SPEED CONTROL 
SPINDLE SPEED : @ RPM 
MOTOR SPEED : @ RPM 
SPINDLE :S1 
6 5@ 100 #158 200%) 









OWN<xX 












CONTROL OUTPUT: 


G95 G5ad Gdag9.1 
G26 G64 
G48 G18 
G25 G69.1 A> 


MEM STOP *** *** 12:66:66} PATH1 














Fig. 12.4.8 (a) Spindle monitor screen 
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12.4.9 Color Setting Screen 


In VGA-compliant screen setting, VGA screen coloring can be 
performed using the color setting screen. 


Displaying the color setting screen 


1 Press function key . 


2 Press the continuous menu key (=) several times to display 
soft key [COLOR]. 
3 Press soft key [COLOR] to display the color setting screen. 




















COLORING 
00123 NBOOOeG 
4 [-acarn 8  [=SELECT WINDOW BAR 
2M |-TTLE = -SOFT KEY 1 9 0) | ROE 
3 -INPUT KEY -O/N NO. 10 -TITLE BAR —-INPUT BAR 
-STATUS 
4 CURSOR 11 fa -WINDOW BACKGROUND 
5 -RESTART NO. 12 -LIGHT 
-ABSOLUTE ORDER 
6 -SUB TITLE -SOFT KEY 2 13 -ALTER POSSIBLE DATA 
? -DATA -TIME 14 || —SHADOW J 
15 —BACKGROUND 
BRED [ 15 GREEN [ @0 [BLUE aa 
COLOR SELECT NO. [ 1 <PARAMETER> 






A> 


MEM STOP *** *** 12:66:06} PATH1L 


|i] tft {| i (Os (i | ba il 


Fig. 12.4.9 (a) Color setting screen 











Procedure for operating the color setting screen 


- Modifying the color (color palette values) 


Press soft key [((OPRT)]. The soft key display changes to the 


sorwiD operation soft keys: 
GREEN | BLUE |BRIGHT| DARK rsaze (ces | | | | 


Move the cursor to a color number whose color palette values are 
to be modified. 

The current color palette value set for each primary color is 
displayed. 

3 Select a primary color whose setting is to be modified, with the 
corresponding operation soft key [RED], [GREEN], or [BLUE]. 
More than one primary color can be selected at the same time. 
Each time operation soft key [RED], [GREEN], or [BLUE] is 
pressed, the operation soft key toggles between selection and 
deselection. 
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(When operation soft keys [RED], [GREEN], and [BLUE] are 
not displayed, press the rightmost soft key to display the 
operation soft keys.) 

4 Select operation soft key [BRIGHT] or [DARK] to modify the 
brightness of the selected prime color(s). 


- Storing the color (color palette values) 


The set color palette values can be stored. 

1 Press operation soft key [COLOR1], [COLOR2], or [COLOR3] 
to select a storage area. 
(When operation soft keys [COLOR1], [COLOR2], and 
[COLOR3] are not displayed, press the rightmost soft key to 


display the operation soft keys.) 
<[/rep Joreen | BLue |BricHT| DARK fe eed | | 


COLORI Standard color data parameters (Nos. 6581 to 
6595) 

COLOR2 Parameters (Nos. 10421 to 10435) 

COLOR3 Parameters (Nos. 10461 to 10475) 

Press operation soft key [MEMORY]. The operation soft key 
display switches to the following: 


Pee reo 


Pressing operation soft key [EXEC] stores the current color 
palette settings in the selected area. 

Pressing operation soft key [CAN] or the leftmost key does not 
store the current color palette settings in the selected area. 





- Calling the color (color palette values) 
1 Press operation soft key [COLOR1], [COLOR2], or [COLOR3] 
to select a storage area where color palette values are stored. 
(When operation soft keys [COLOR1], [COLOR2], and 
[COLOR3] are not displayed, press the rightmost soft key to 


display the operation soft keys.) 
< f RED |GREEN | BLUE |BRIGHT| DARK MEMORY (gc a tal ae | 


2 Press operation soft key [RECALL]. The operation soft key 
, | switches to the following: 


a ae 


Pressing operation soft key [EXEC] calls the color palette values 
from the selected area to enable the color to be modified. This 
operation is invalid if no color palette values are stored. 

Pressing operation soft key [CAN] or the leftmost key does not 
call the color palette values from the selected area. 
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NOTE 

1 Immediately after the power is turned on, the 
settings of COLOR1 (parameters) are used for 
display. 
If no values are stored in COLOR1, the color used 
immediately before the power is turned off is used 


for display. 

Do not modify the standard color data parameters 
directly by MDI key input. When modifying the 
standard color data, be sure to perform a storage 
operation on the color setting screen. 
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12.4.10 Machining Parameter Tuning 


In AI contour control, by setting a velocity-emphasized parameter set 

and precision-emphasized parameter set and setting the precision level 

matching a machining condition such as rough machining or finish 

machining on the precision level setting screen or by programming, 

the parameters suitable for the condition can be automatically 

calculated to perform machining. 

On this screen, the parameter sets for emphasis on velocity (precision 

level 1) and emphasis on precision (precision level 10) can be set. 

Set the following parameters: 

e Acceleration rate of acceleration/deceleration — before 
interpolation 
Acceleration change time (bell-shaped) 

e Allowable acceleration change value for each axis in velocity 
control based on acceleration change under jerk control 

e Allowable acceleration change value for each axis in acceleration 
change under jerk control in successive linear interpolation 
operations 

e Ratio of the change time of the rate of change of acceleration in 

smooth bell-shaped acceleration/deceleration before interpolation 

Allowable acceleration rate 

Acceleration rate of acceleration/deceleration after interpolation 

Corner speed difference 

Maximum feedrate 

Items that can be set freely (2 items) 

For details of each parameter, see the descriptions of AI contour 

control and jerk control. 

By setting bit 0 (MPR) of parameter No. 13601 to 1, this screen can be 

hidden. 

For the method of setting a precision level, see the description of the 

precision level selection screen in Subsection 11.2.14. 


Procedure for machining parameter tuning 
Set the MDI mode. 


2 Press function key | ; 


Press soft key [M-TUN] to display the machining parameter 
tuning screen. 
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Fig. 12.4.10 (b) Machining parameter tuning screen 
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Fig. 12.4.10 (c) Machining parameter tuning screen 


4 Move the cursor to the position of a parameter to be set, as 


follows: 


Press page key or [y). and cursor keys [t ]. [+]. 


[+] , and /or [| to move the cursor to the parameter. 
Key in desired data then press the key on the MDI panel. 


6 When data is input, a RMS value is found according to the 
precision level parameters. (The precision level can be changed 
on the precision level selection screen or parameter setting 
screen.) If a RMS value calculation fails, a warning (indicating 
that automatic setting failed) is displayed. 
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7 Repeat steps 2 and 3 until all machining parameters are set. 

8 In addition to the setting method described above, a parameter 
setting method using soft keys is available. Pressing soft key 
[INIT] displays the standard value (recommended by FANUC) of 
the item selected by the cursor in the key input buffer. Pressing 
soft key [EXEC] initializes the item to the standard value. 
Pressing soft key [GROUP INIT] initializes all items of a group 
(emphasis on velocity or emphasis on precision) selected by the 
cursor to the standard values. 


The table below indicates the initial settings. 


Table 12.4.10 (a) Initial settings 
Al contour control 
Emphasis Emphasis 


on velocity | on precision 
(LV1) (LV10) 





Setting item 


Acceleration rate of acceleration/deceleration before interpolation 
<ACC FOR BIPL> 

Acceleration change time (bell-shaped) <ACC CHG TIME(BELL)> 32 64 msec 
Allowable acceleration change value <JERK ACC DIFF> 0 0 mm/sec 
Allowable acceleration change value in successive linear 
interpolation operations <JERK ACC DIFF(LIN)> 

Ratio of the change time of the jerk control <JERK ACC RATIO> 0 0 % 
Allowable acceleration rate <MAX AACELERATION> 2977.000 596.000 mm/sec” 
Time constant for acceleration/deceleration after interpolation 
<T-CON AIPL ACC/DEC> 

Corner speed difference <CORNER FEED DIFFER> mm/min 
Maximum cutting speed <MAX CUT FEEDRATE> mm/min 


4902.000 1042.000 mm/sec? 








2 





0 0 mm/sec? 











24 24 msec 




















Explanation 


- Look-ahead acceleration/deceleration before interpolation 
Set an acceleration rate for a linear portion in look-ahead 
acceleration/deceleration before interpolation. 
Unit of data: mm/sec’, inch/sec’, deg/sec” (machine unit) 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13610 (velocity-emphasized parameter) 

Parameter No. 13611 (precision-emphasized parameter) 


Moreover, the following parameter is also set according to the 
precision level: 

Parameter No. 1660: Maximum allowable acceleration rate for each 
axis in acceleration/deceleration before interpolation 
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- Acceleration change time (bell-shaped) 


Set a time constant for a bell-shaped portion in acceleration/ 
deceleration before look-ahead interpolation. 
Unit of data: ms 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13612 (velocity-emphasized parameter) 

Parameter No. 13613 (precision-emphasized parameter) 


Moreover, the following parameter is also set according to the 
precision level: 

Parameter No. 1772: Time constant for bell-shaped look-ahead 
acceleration/deceleration before interpolation of constant acceleration 
time type 


/A\ CAUTION 
A set time constant is applied to all axes. So, a 


modification made to this item changes the settings 
for all axes. 





- Allowable acceleration change value in velocity control based on acceleration 


change under jerk control 


Unit of data: mm/sec’, inch/sec’, deg/sec” (machine unit) 


Set an allowable acceleration change value per ms for each axis in 
velocity control based on acceleration change under jerk control. 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13614 (velocity-emphasized parameter) 

Parameter No. 13615 (precision-emphasized parameter) 


Moreover, the following parameter is also set according to the 

precision level: 

Parameter No. 1788: Allowable acceleration change value for each 
axis in velocity control based on acceleration 
change under jerk control 


/A\. CAUTION 


This setting item is displayed only when the jerk 
control function is enabled. 
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- Allowable acceleration change value for each axis in velocity control based on 
acceleration change under jerk control in successive linear interpolation 


operations 
Unit of data: mm/sec’, inch/sec”, deg/sec” (machine unit) 


Set an allowable acceleration change value per ms for each axis in 
velocity control based on acceleration change under jerk control in 
successive linear interpolation operations. 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13616 (velocity-emphasized parameter) 

Parameter No. 13617 (precision-emphasized parameter) 


Moreover, the following parameter is also set according to the 

precision level: 

Parameter No. 1789: Allowable acceleration change value for each 
axis in velocity control based on acceleration 
change under jerk control in successive linear 
interpolation operations 


/A\. CAUTION 

1 Foran axis with 0 set in this parameter, the 
parameters (allowable acceleration change value 
in velocity control based on acceleration change 
under jerk control: No. 13614, No.13615) are valid. 
For an axis with 0 set in the parameter (allowable 


acceleration change value in velocity control based 
on acceleration change under jerk control: No. 
13614, No.13615), velocity control based on 
acceleration change is disabled, so that this 
parameter has no effect. 

This setting item is displayed only when the jerk 
control function is enabled. 
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- Ratio of the change time of the jerk control in smooth bell-shaped 


acceleration/deceleration before interpolation 
Unit of data: % 


Set the ratio (in %) of the change time of jerk control to the change 
time of acceleration in smooth bell-shaped acceleration/deceleration 
before interpolation. 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13618 (velocity-emphasized parameter) 

Parameter No. 13619 (precision-emphasized parameter) 


Moreover, the following parameter is also set according to the 

precision level: 

Parameter No. 1790: Ratio of the change time of the jerk control in 
smooth bell-shaped acceleration/deceleration 
before interpolation 


/A\ CAUTION 


This setting item is displayed only when the jerk 
control function is enabled. 





- Allowable acceleration rate 
Set an allowable acceleration rate in acceleration-based speed 
determination. 
Unit of data: mm/sec’, inch/sec’, deg/sec” (machine unit) 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13620 (velocity-emphasized parameter) 

Parameter No. 13621 (precision-emphasized parameter) 


Moreover, the following parameter is also set according to the 

precision level: 

Parameter No. 1735: Allowable acceleration rate for each axis 
applicable to the deceleration function based 
on acceleration in circular interpolation 

Parameter No. 1737: Allowable acceleration rate for each axis 
applicable to the deceleration function based 
on acceleration in AI contour control 


/A\. CAUTION 
When bit 0 (MCR) of parameter No. 13600 is set to 


1, the deceleration function based on acceleration 
in circular interpolation is not set. 
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- Time constant for acceleration/deceleration after interpolation 


- Corner speed difference 


- Maximum cutting speed 


Set a time constant for acceleration/deceleration after interpolation. 
Unit of data: ms 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13622 (velocity-emphasized parameter) 

Parameter No. 13623 (precision-emphasized parameter) 


Moreover, the following parameter is also set according to the 

precision level: 

Parameter No. 1769: Time constant for acceleration/deceleration 
after cutting feed interpolation 


Set an allowable corer speed difference used for speed determination. 
Unit of data: mm/sec, inch/sec, deg/sec (machine unit) 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13624 (velocity-emphasized parameter) 

Parameter No. 13625 (precision-emphasized parameter) 


Moreover, the following parameter is also set according to the 

precision level: 

Parameter No. 1783: Allowable speed difference for each axis in 
automatic corner deceleration based on speed 
difference 


Set a maximum cutting speed for each axis. 
Unit of data: mm/sec, inch/sec, deg/sec (machine unit) 


The parameter set on the machining parameter tuning screen is 
reflected in the following parameters: 

Parameter No. 13626 (velocity-emphasized parameter) 

Parameter No. 13627 (precision-emphasized parameter) 


Moreover, the following parameter is also set from the precision level: 


Parameter No. 1432: Maximum cutting feedrate for each axis in the 
AI contour control mode 
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- Arbitrary items 


Two arbitrary parameters can be registered. Each item can correspond 
to a CNC parameter or servo parameter. A parameter number 
corresponding to each item is to be specified with parameters. 


As indicated below, set the parameters for corresponding parameter 
numbers, velocity-emphasized parameters (precision level 1), and 
precision-emphasized parameters (precision level 10). 


Table 12.4.10 (a) Parameters related to arbitrary items 
Corresponding Setting of Setting of 
parameter velocity-emphasize |precision-emphasiz 
number d (precision level 1) | ed (precision level 


value 10) value 
Arbitrary item 1 No.13628 No.13630 No.13632 

















Arbitrary item 2 No. 13629 No.13631 No.13633 


e —— Display 
Tuning target parameter numbers are displayed. 


/A\ CAUTION 
As arbitrary items, the numbers of the following 
parameters cannot be specified: 
e Bit parameter 


e Spindle parameters (Parameter Nos. 4000 to 4799) 
Real-type parameter 
Power-off parameter 
Nonexistent parameter 
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12.4.11 Displaying Memory Data 


The contents of the CNC memory can be displayed starting at a 
specified address. 


Displaying memory data 


Procedure 
1 Set bit 0 (MEM) of parameter No. 8950 to 1 to display the 
memory contents display screen. 


2 Press function key . 


Press the continuous menu key (CJ), then press chapter 
selection soft key [MEMORY]. 
The screen below is displayed. 


[CONTENTS OF MEMORY O08O123 NOOOGBYD 


ADDRESS ) cs a 6 8 A c E 


go88 e8a8 Boee BBee BoHe BBeG BON BAGG ................ 
62808018 8898 BaB8 BAB BABB BABe BOeB BOHe BOee................ 
82080828 8880 BBB8 BGBG BBG BBG BBO GAGA BOO ................. 
820008308 8880 GB08 BB80 GAG Boe BBG Goo BOO ................ 
82080848 8G8G BBGa BBaG Gaee BBeH BABe GHG BOAA................ 
82080858 8G88 GBB8 BBB0 Gees Boee BBG GHG HOBO ................ 
@2908068 8888 BBB8 BAH Bee BaHe BoBB BoHe BOee................ 
62080078 8688 GBG8 BG80 GaG8 BBO BBO GAG BOAO ................ 
62080888 8G88 GBG8 BBBG BBB Boe BBG GoGe BOBO ................ 
62080898 B88 BBB8 BBB0 BeBe aBe8 BaBG Goa BOea................ 
@20898Ae BG8G BBG8 BBBG BeBe Baa BBG GHG BOBO ................ 
62080888 8G80 GBB8 BB8G GeBB BBea BaBG GHG BOBO................ 
@20888C8 BBBG GBGH BGBG GaGe BBO BBO GAO BOOO................ 
@20808D8 BBBG BBB8 BGBG GaGe Boe BBG GHOH BOHO................ 
@20808E8 8G88 BBB8 BGBG GAGs aBee HaHa Goa BAAe................ 
@20808F8 8G8G GBG8 BBB0 Bee BBea BeBe GHG BABB ................ 








A> 


MEM STOP *** **% 12:66:00} PATH1 


ADDRES 
SEARCH 


Fig. 12.4.11 (a) Memory contents display screen 








4 Key in a desired address (hexadecimal) then press the [ADDRES 
SEARCH] key. Starting at the specified address, 256-byte data is 
displayed. 

(Example: When you input 100000 then press [ADDRES 
SEARCH], data is displayed starting at 100000H.) 


5 Display data can be switched by using page keys and 


and cursor keys [+ }. [¥}. [], and/or [=]. 


6 By pressing soft key [BYTE], [WORD], [LONG], or [DOUBLE], 
select a data type to be displayed. 
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Explanation 
A memory data display format can be selected from the following four 
options: 


Byte display (1 byte in hexadecimal) 

Word display (2 bytes in hexadecimal) 

Long display (4 bytes in hexadecimal) 

Double display (8 bytes in decimal: Double precision floating-point 
display) 


One screen displays 256-byte memory data. 


NOTE 

1 When an address is input, "H" for representing 
"hexadecimal" need not be specified at the end of 
the address. If H is added, a warning is displayed to 
indicate that the format is invalid. 
When word display is selected as the display 
format, an input address is rounded to a multiple of 
2 bytes. When long display or double display is 
selected, an input address is rounded to a multiple 
of 4 bytes. 


/A\ WARNING 

1 Ifamemory address that must not be accessed in 
address search is input, a system alarm is issued. 
When making an address search, check that the 
address is accessible and that the address is input 
correctly. 
This function is designed for maintenance, and must 
not be used by general users. 
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12.4.12 Parameter Tuning Screen 


The parameter tuning screen is a screen for parameter setting and 

tuning designed to achieve the following: 

1 The minimum required parameters that must be set when the 
machine is started up are collectively displayed to facilitate 
start-up of the machine. 

2 The servo tuning screen, spindle tuning screen, and machining 
parameter tuning screen are displayed for smooth tuning. 

The parameter tuning screen consists of a menu screen and several 

setting screens. 


12.4.12.1 Displaying the menu screen and selecting a menu item 


The parameter tuning menu screen displays the following items: 
[START UP] 

e SYSTEM SETTING 

AXIS SETTING 

FSSB (AMP) 

FSSB (AXIS) 

SERVO SETTING 

SPINDLE SETTING 

MISCELLANY 


[TUNING] 

e SERVO TUNING 

e SPINDLE TUNING 
e AICC TUNING 


On the parameter tuning menu screen, one of the displayed items can 
be selected to display the corresponding screen. From each setting 
screen, you can return to the menu screen by performing a soft key 
operation. 


NOTE 

1 Some items may not be displayed, depending on 
the system configuration. 

2 When bit 0 (SVS) of parameter No. 3111 is set to 0, 


"SERVO SETTING" and "SERVO TUNING" are not 
displayed. When bit 1 (SPS) of parameter No. 3111 
is set to 0, "SPINDLE TUNING" is not displayed. 
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Procedure 


Displaying the menu screen and selecting a setting screen 


NO Re 


5 


Set the MDI mode. 

Switch the setting of "PARAMETER WRITE" to "ENABLED". 
For details, see the procedure for "PARAMETER WRITE" in 
Subsection IIJ-12.4.1. 


Press function key . 


Press the rightmost soft key (=) (continuous menu key) 
several times. 

Press soft key [PRMTUN] to display the parameter tuning menu 
screen. 








ACTUAL POSITION 00123 Nooooo 
arate F Gina 
>< Q ° 000 PARTS COUNT a 
‘Le BAN N21) eel oll OH 65 
Z 74) " 411%) PARAMETER TUNING 
MENU 
B 4) ° 2) )%) 1.START UP = SYSTEM SETTING 
c 0.000 PSSA) 
FSSBCAXIS>? 
MODAL SPINDLE SETTING 
Geo Gea GiS F M a MISCELLANY 
Gi? G98 Gde.1 ‘i 2. TUNING SERVO TUNING 
G98 GSO G25 SPINDLE TUNING 
G22 G6? G16a 
G94 G9? G13.1 . a aura 
G21 G5d G50.1 T 8 
G48 G6d G5d.2 
G49.1G69 G8@.5 b A> 
MEM STOP ## 44% 12:00:00 | PATH4 
[___L_ 

















Fig. 12.4.12 (a) Parameter tuning menu screen 


Move the cursor to a desired item by pressing cursor key [+ | 


a [4] 
Press soft key [SELECT]. The screen display switches to the 
selected screen. 
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Returning to the menu screen 


Procedure 
1 ‘~Press soft key [SELECT] on the parameter tuning menu screen 
described in Subsection III-12.4.13.1. The screen and soft keys 
shown below are displayed. (The screen below is displayed when 
"AXIS SETTING" is selected.) 































ACTUAL POSITION 00123 Noooaa 
x @.08@ fom Bonar 
Y 0.000 RUN TIME 4121154335 
Z 0.000 
B 0.000 a p 
C 0.000) pe eB BE 

yp Bp Bp Bb BP B Bb LE 
MODAL ze 6 Bb Bb BP eB PE 
609 G80 GIS F H a Bp 6 Bp 6 BP BP PB Lf 





G1? G98 Gdd.1 
698 G58 G25 
G22 G6? G168 
G94 G9? Gi3.1 


AXIS 
G21 G5ad 656.1 z Z 
Gd9 G6d G54.2 @:MM 7 1: INCHES 


G49.1G69 688.5 A> 
MEM STOP *** *#% 12: 66: 68 | PATH1 


Fig. 12.4.12 (b) Axis setting screen 





LEAST COMMAND INCREMENT ON THE LINEAR 


na ss = 
o eo 8 8 

















2 Press the rightmost soft key (e) (continuous menu key) 
several times. 

3. __~ Press soft key [MENU]. 
The screen display returns to the parameter tuning menu screen. 

4 Upon completion of parameter setting, switch the setting of 
"PARAMETER WRITE" to "DISABLED". 

NOTE 

Some setting screens can also be displayed by a 
chapter selection soft key. If a screen is selected 


using a chapter selection soft key, however, you 
cannot return to the parameter tuning menu 
screen. 
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Explanation 
- Items displayed with [START UP] 
The items of [START UP] indicate the screens for setting the 
minimum required parameters for starting up the machine. 
Table 12.4.12 (a) Items displayed with [START UP] 


Display item Description 


SYSTEM SETTING 


Screen for setting CNC parameters related to the 
entire system configuration 





AXIS SETTING 


Screen for setting CNC parameters related to axes, 
coordinates, feedrate, and acceleration/deceleration 





FSSB (AMP) 


FSSB amplifier setting screen 





FSSB (AXIS) 


FSSB axis setting screen 





SERVO SETTING 


Servo setting screen 





SPINDLE SETTING 


Screen for setting spindle-related parameters 





Screen for setting parameters related to the allowable 
number of M code digits and whether to display the 
servo setting and spindle tuning screens 


MISCELLANY 





NOTE 
Some items may not be displayed, depending on 
the system configuration. 





- Items displayed with [TUNING] 
The items of [TUNING] indicate the screens for servo, spindle, and 
high-speed high-precision machining tuning. 


Fig. 12.4.12 (c) 
Display item 
SERVO TUNING 
SPINDLE TUNING 
AICC TUNING 


Items displayed with [TUNING] 
Description 

Servo tuning screen 

Spindle tuning screen 

Machining parameter tuning screen 











NOTE 


1 Some items may not be displayed, depending on 
the system configuration. 

When bit 0 (SVS) of parameter No. 3111 is set to 0, 
"SERVO SETTING" and "SERVO TUNING" are not 
displayed. When bit 1 (SPS) of parameter No. 3111 
is set to 0, "SPINDLE TUNING" is not displayed. 


2 
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12.4.12.2 Parameter tuning screen (system setting) 


This 


screen enables the parameters related to the entire system 


configuration to be displayed and modified. The parameters can be 
initialized to the standard values (recommended by FANUC). 


Display and setting 


Procedure 


2 


Move the cursor to [SYSTEM SETTING] by pressing cursor key 
[+ | or [+ | on the parameter tuning menu screen described in 


Subsection II-12.4.13.1. 
Press soft key [SELECT]. The screen display switches to the 
screen and soft keys shown below. 








ACTUAL POSITION Og 1 23 NQGOOODB 


Gd9.1G69 G8d.5 






















ABSOLUTE 


Q eo G00 PARTS COUNT 
@.G@Q |". aan 


1%) e 411%) SYSTEM SETTING 








0.800)". ~—a 
—_ OC 
@.0@00; } ;—; 
B | @ 
MODAL —_—— 
68a Gis) F M a x | 286 
698 Gd0.1 
G50 G25 6 
oe a 8 SETTING OF G/F SIGNAL ADDRESS ON EACH 
697 Gi3.4 call 
G54 G5a.1 T 7) s ; 
G64 G5d.2 . é STANDARD: 8 


MEM STOP *** *#* 





12: 66: 68 | PATH1 





Fig. 12.4.12 (d) Parameter tuning screen (system setting) 


Move the cursor to a parameter number to be set or displayed, 

according to one of the methods below. 

e Input the desired parameter number, then press soft key 
[NO.SRH]. 

e Move the cursor to the desired parameter number by 


pressing page key or Fil and cursor keys [t }. 
[¥ }. [], and/or [=]. 


A brief description of the parameter where the cursor is placed is 
provided at the bottom of the screen. However, no description is 
provided when the cursor is placed on multiple bits for bit 
parameters. 


Input desired data then press the key on the MDI panel to 


set the parameter. 
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5 Press soft key [INIT]. The standard value (recommended by 
FANUC) for the item selected by the cursor is displayed in the 
key input buffer. Pressing soft key [EXEC] in this state initializes 
the item to the standard value. 

6 Press soft key [G_INIT]. A message asking whether to set the 
group standard values is displayed on the screen. Pressing soft 
key [EXEC] in this state inputs all of the standard values of the 


group. 


NOTE 

1 If the cursor is placed on a parameter that has no 
standard value assigned, no standard value is input 
even when [INIT] is pressed. 
When the cursor is placed on multiple bits for bit 
parameters, the multiple bits can be input 
simultaneously. When [INIT] is pressed in this state, 


the key input buffer displays the standard values for 
the bits where the cursor is placed. If a bit has no 
standard value assigned, "*" is displayed for the bit, 
and no value is input for the bit. 

When [G_INIT] is pressed, those parameters that 
have no standard values assigned are not 
initialized. 
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12.4.12.3 Parameter tuning screen (axis setting) 


This screen enables the CNC parameters related to axes, coordinates, 
feedrate, and acceleration/deceleration to be displayed and set. The 
parameters displayed can be divided into four groups: 
(Basic) group : 

The parameters related to basic settings are displayed. 
(Coordinate) group : 

The parameters related to coordinates are displayed. 

(Feedrate) group : 

The parameters related to feedrate are displayed. 
(Acceleration/deceleration) group: 

The parameters related to acceleration/deceleration are displayed. 
The parameters can be initialized to the standard values 
(recommended by FANUC). For the display and setting procedure, see 
the description of the parameter tuning screen (axis setting) in 
Subsection II-12.4.13.2. 





ACTUAL POSITION 















00123 NOBBGO 


ABSOLUTE 


0.000 
Q.00 
0.000 





PARTS COUNT 
RUN TIME 12H15M33S 
CYCLE TIME 


OWN<xX 





BSSs] 


Sd | 





DSSS) 
DSSS) 
BSF) 
DSSS) 
BSF) 


Gea Gs8e Gi5 [7 M 8 
Gi? G98 Gd8.1 








698 G56 G25 8 

a ee) 8 LEAST COMMAND INCREMENT ON THE LINEAR 
G94 G97 G13.1 mae 

G21 G54 G5a.1 T 6 : 2 

Gad Ged G54. ' @:MM / 1: INCHES 

G49. 1669 680.5 A> 


MEM STOP *** ##« 12: 66: 68 | PATH1 











Fig. 12.4.12 (e) Parameter tuning screen (axis setting) 
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12.4.12.4 Displaying and setting the FSSB amplifier setting screen 


From the parameter tuning screen, the FSSB amplifier setting screen 
can be displayed. For details of the FSSB amplifier setting screen, see 
the description of the FSSB amplifier setting screen in Subsection 
144 im the CONNECTION MANUAL (FUNCTION) 
(B-63943EN-1). 


ACTUAL POSITION 00123 NOVUOGBD 


ABSOLUTE 


x1 Q e 41%) %) PARTS COUNT 95? 


RUN TIME 12Hd4M58S 
CYCLE TIME 6H OM OS 
AMPLIFIER SETTING 


NO. AMP SERIES UNIT CUR. AXIS NAME 





1-61 A1-L qi SVM 26A 


0 e 000 1-62 A1-M qi SYM 260A 


1-83 A2Z-L qi SVM 260A 
1-@4 A2-M qi SYM 268A 


2-81 AS-L  q@i SUM 260A 
G88 G88 Gi5S FF 1900.900 8 2-92 A3-M gi SUM 20A 


ot oe et 2-063 Ad-L qi SYM 260A 


69a 650 Ga 1 8 

G22 G6? Gi60 2-04 Ad-M qi SUM 20A 
G94 G97 G13.1 
G21 G54 650.1 
G40 G6d G5d.2 


Gd49.1G69 G88.5 A> 





MODAL 


EIS) 51515 51515 





Ses 


MDI STOP *** *** 12:66:68 


Fig. 12.4.12 (f) FSSB amplifier setting screen 


ACTUAL POSITION OB@O123 NQOOGOG 


ABSOLUTE 

























PARTS COUNT 95? 
RUN TIME 12Hd4M58S 
CYCLE TIME 6H 6M BS 
AMPLIFIER SETTING 


NO. EXTRA TYPE PCB ID 





1-5 M1 A SDU CdAXES> 


1-6 M2 A SDU <4AXES> 
25 3 A SDU C4AXxES> 
2-6 M4 A SDU C4AXES> 
MODAL 
Gea Geo GiS  F 1000.900 8 
Gi? G98 Gdo.1 
G98 G50 G25 8 


G22 G6? Gi6O »p 8 
G94 G9? G13.1 

G21 G54 650.1 T 8 
Gao G64 GS4.2 . a 
G49.1669 G80.5 A> 


MDI STOP *** *** 12:66:08 


Fig. 12.4.12 (g) FSSB amplifier setting screen 2 
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12.4.12.5 Displaying and setting the FSSB axis setting screen 


From the parameter tuning screen, the FSSB axis setting screen can be 
displayed. For details of the FSSB axis setting screen, see the 
description of the FSSB axis setting screen Subsection 1.4.4 in the 
CONNECTION MANUAL (FUNCTION) (B-63943EN-1). 


ACTUAL POSITION 000123 NQOGOG 
Q ° 41%) %) PARTS COUNT 95? 


RUN TIME 12Hd4M58S 
CYCLE TIME 6H 6M OS 













M 
1234 DSP 
1 1 Alt fipee 6 b B 
2 1 ain pipp b p 1 
3 21 A2t jeep B bP PB 
MODAL 4 81 A2m4 peep bp fh Bp 
Goo G88 GiS  F 1000.900 M 9 > x2 Ast peip 6 p Pp 
Gi? G98 Gao.1 6 2 Asm pBep B Bb 2 
698 Goa G25 4 8 ? 22 Adt peep 6B Bp Pp 
G22 G6? G1i60 p 8 8 B2 AdM peep bp 2 b 
G94 G9? G13.1 
G21 G54 650.1 T tt) 
G40 G64 G5d.2 
649.1669 G8B.5 > 4 a> 


MDI STOP *** *** 12:66:68 


Fig. 12.4.12 (h) FSSB axis setting screen 








- 1293 - 


12.SETTING AND DISPLAYING DATA OPERATION B-63944EN/02 


12.4.12.6 Displaying and setting the servo setting screen 


From the parameter tuning screen, the servo setting screen can be 
displayed. For details of the servo setting screen, see the description of 
the servo setting screen in Subsection III-12.4.4. 


00123 NOBBGO 
F Qrevnin 


PARTS COUNT 953 
RUN TIME 12H15433S 
CYCLE TIME 8H @M aS 
SERVO SETTING 
0.000 X AXIS ¥ AXIS 2 AXIS 
74} 000 INITIAL SET [99g99010 ja880010 fpaDGe010 
e 
MOTOR ID NO. | 252 | 252 | 252 


Q a 0 74) '%4) AMR posoeeee osoeGes poaoeGaG 


CMR f 2f 2f 2 





ACTUAL POSITION 







ABSOLUTE 


0.000 
0.00 























OWN<xX 











GaB G88 GiS F M @ FEEDGEAR N [ 8 / 8 | 8 

G1? G98 Gdo.1 

leg cadiccaa «N/M? oM 1608 168 1008 

a eee DIRECTION SE | 111 | 111 | 111 
Me) iy VELOCITY PUL[ 8192|  —8192|[ 8192 


G94 G9? Gi3.1 


G21 G54 650.1 7 POSITION PUL 12568 12568 12568 
G48 G6d G54.2 REF. COUNTER 16880 19888 19888 


Gd49.1G69 G88.5 A> 





MEM STOP *** #*% 12: 66: 68 | PATH1 
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12.4.12.7 Parameter tuning screen (spindle setting) 


The spindle-related parameters can be displayed and modified. 
For the display and setting procedure, see the description of the 
parameter tuning screen (system setting) in Subsection IT-12.4.13.2. 


00123 NOBBGO 
F Qrevnin 


PARTS COUNT 953 

RUN TIME 12H15M33S 

CYCLE TIME 6H OM 8S 
SPINDLE SETTING 





ACTUAL POSITION 







ABSOLUTE 


0.000 
0.000 
0.000 
0.000 |e hh RRR aE 
2.000 


63706 
Lier f p p pb fh f Bb B 


Goo Gee Gis) F M 8 
Gi? G98 Ga0.1 

69a asa Gas | 8 

G22 G6? Gi60 » a 

G94 G97 G13.1 

G21 G54 650.1 T 8 
G40 G64 G5d.2 
G49. 1669 G80.5 





















OWN<X 





SPECIFIES WHETHER THE SPINDLE IS 
@:ANALOG SPINDLE 
1:SERIAL SPINDLE 





MEM STOP *** #*% 12: 66: 68 | PATH1 


Fig. 12.4.12 (j) Parameter tuning screen (spindle setting) 
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12.4.12.8 Parameter tuning screen (miscellaneous settings) 


The parameters related to the allowable number of M code digits and 
whether to display the servo setting and spindle tuning screens can be 
displayed and modified. Moreover, the parameters can be initialized to 
the standard values (recommended by FANUC). 

For the display and setting procedure, see the description of the 
parameter tuning screen (system setting) in Subsection II-12.4.13.2. 





ACTUAL POSITION 


Gea Gse 
Gi? G98 
G96 G5a 
G22 G6? 
G94 G97 
G21 G5a 
G46 G64 
Gda9. 1669 





ABSOLUTE 
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Q.000 
0.000 
@.000 
0.000 





00123 NOBBOBO 
F Qrevnin 


PARTS COUNT 953 
RUN TIME 12H15M33S 
CYCLE TIME 6H OM OS 
63111 


p bp Pb BP bpp 





ALLOWABLE NUMBER OF DIGITS FOR THE M-C 
ODE 
STANDARD SETTING VALUE: 3 





A> 


MEM STOP *** *** 12: 66: 68 | PATH1 
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12.4.12.9 Displaying and setting the servo tuning screen 


From the parameter tuning screen, the servo tuning screen can be 
displayed. For details of the servo tuning screen, see the description 
of the servo tuning screen in Subsection I]-12.4.5. 


00123 NOBBGO 
F Qrevnin 


PARTS COUNT 953 

RUN TIME 12H15M33S 

CYCLE TIME 6H OM 8S 
SERVO MOTOR TUNING 





ACTUAL POSITION 









ABSOLUTE 


0.000 
0.00 

0.000 
Q.000 
0.000 






X AXIS 
<PARAMETER? {MONITOR> 

FUNC. BIT 8081080 ALARM 1  sggagaea 
LOOP GAIN 3088 ALARM 2 gBee8888 
[9 ALARM 3 @agBae88 
een ——a ALARM 4 ggagaaaa 
INT. GAIN [66 ALARM 5 gegagga8a 
LOOP GAIN rc) 














OWN<xX 


MODAL 


Gi? G5@ Gi6a F aM @ PROP. GAIN -594 pos ERRO 

G98 G6? G13.1 . 

pe ae een a FILTER @ CURRENTC%3 a 
: VELOC. GAIN 188 CURRENTCA? a 

G94 G5d G5d.2 p a SPEEDCRPM? a 

G21 G6d Gsa.5 

G48 G69 W 8 

G49. 1615 

G98 G25 # : 


MEM STOP *** #*% 12: 66: 68 | PATH1 


i Fic Kal a | [ a [| a 


Fig. 12.4.12 (I) Servo tuning screen 
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12.4.12.10 Displaying and setting the spindle tuning screen 


From the parameter tuning screen, the spindle tuning screen can be 
displayed. For details of the spindle tuning screen, see the 
description of the spindle tuning screen in Subsection II-12.4.7. 


ACTUAL POSITION aaa 123 NOOOOODW 


Q , eoo|e Q. QQ men 












PARTS COUNT 
RUN TIME Gene 
Q e 020 CYCLE TIME @H OM OS 


0.000 


OUN<xX 


Q. Q Q Q eaagih ae ie CONTROL 
SPINDLE 7S11 
Q e 000 <PARAMETER> <MONITOR> 





PROP.GAIN [ ‘2. MOTOR 


INT. GAIN 2 SPINDLE 
MOTOR VOLT 
M @ REGEN. PW a 







Gea G22 G58 l= 
G9? G88 658.2 
G96 G98 Gi3.1 
G69 G6? G58.1 p 
G95 G5ad Gdag.1 
G26 G64 

G48 G18 

G25 G69.1 A> 


MEM STOP *** *** 12:06:66} PATH1 














Fig. 12.4.12 (m) Spindle tuning si screen 
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12.4.12.11 Displaying and setting the machining parameter tuning 
screen 


From the parameter tuning screen, the machining parameter tuning 
screen can be displayed. For details of the machining parameter 
tuning screen, see the description of the machining parameter tuning 
screen in Subsection IH-12.4.10. 





ACTUAL POSITION 






00123 NOBBGO 
F Qrevnts 


PARTS COUNT 8 
RUN TIME 6H OM BS 
CYCLE TIME 


ABSOLUTE 


0.000 
0.000 
Q.000 





















X AXIS PRIORITY 
LEVEL 1 18 


0.000 
ACC FOR BIPL [ 4902. 980[ 1642. B80) 
ACC CHG TIMECBELL> 


Q.000 
JERK ACC DIFF | 1088. a6] 186. 868 


MODAL JERK ACC DIFFCLIN> 3688. 680) 308. 868 


Goo Gee Gis F JERK ACC RATIO 3 38 
G1? G98 Gag.1 MAX ACCELERATION 2977. 666] 596. 000 


698 G58 G25 


8 

8 
coq ayy Gia.1 ee 
G21 G54 650.1 7 a 
G46 G6d G54.2 8 


G49.1G69 G88.5 a> 


OWN<xX 








=x 
oe 








MDI STOP *** *#* 12: 66: 88 | PATH1 








Fig. 12.4.12 (n) Machining parameter tuning screen 
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Explanation 
- Parameters displayed for parameter tuning 


Table 12.4.12 (b) Parameters displayed for parameter tuning (1) 











Parameter Brief description Standard 
No. setting 
SYSTEM | System 981 Sets the path of each axis. 
SETTING | setting 982 Sets the path of each spindle. 
983 Sets the T series/M series of each path. 0:T series/1:M series 


984#0 Sets the attribute of each path. 0:Normal/1:Loader control 
3021 Sets the G/F signal address of each axis. 
3022 Sets the G/F signal address of each spindle. 











3006#0 The deceleration signal for reference position return is: 
0:X signal/1:G signal 

3008#2 The signal address allocated to address X is: 
0:Fixed/1:Set by the parameter 








3013 Address allocated to the deceleration signal for reference position 
return 

3014 Bit position allocated to the deceleration signal for reference 
position return 























*1: The value 1 is set for the paths as many as the number of loader 
paths starting from the greatest path number. For path 1, the value 0 
is set at all times. 

Example) When the number of loader paths is 3 in a 10-path system: 
The value 1 is set for paths 8 to 10. The value 0 is set for 
others. 

*2: When intra-path axis number < 8, (path number - 1)*10+(intra-path 
axis number - 1) 

When intra-path axis number > 9, no standard value is available. 
Example) When path 1 has 9 axes, and path 2 has 3 axes: 
0,1,...,7,(none) for axes of path 1, 10,11,12 for axes of path 2 

*3.: When intra-path spindle number < 4, (path number - 

1)*10+(intra-path spindle number - 1) 
When intra-path spindle number = 5, no standard value is available. 
Example) When path 1 has 5 spindles, and path 2 has 1 spindle: 
0,1,...,4,(none) for spindles of path 1, 10 for spindle of path 
2 
*4: When (path number < 3) and (intra-path axis number < 8) 
Axes of path 1: 9 
Axes of path 2: 7 
Axes of path 3: 10 
Other axes: No standard value is available. 
Example) When path 1 has 9 axes, and path 2 has 3 axes: 
9,9,9,9,9,9,9,9,(none) for axes of path 1, 7,7,7 for axes of 
path 2 
*5 : When (path number < 3) and (intra-path axis number < 8) 
(Intra-path axis number - 1) 
Other axes: No standard value is available. 
Example) When path 1 has 9 axes, and path 2 has 3 axes: 
0,1,...,7,(none) for axes of path 1, 0,1,2 for axes of path 2 
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Table 12.4.12 (c) Parameters displayed for parameter tuning (2) 
Parameter Brief description Standard 
No. setting 
SPINDLE | Spindle| 3716#0 Sets the type of spindle motor: 0:Analaog/1:Serial. 
SETTING | setting 3717 Sets a motor number to be assigned to each spindle. 
3706#4 Specifies a spindle gear selection method. 
0:M type/1:T type 
3718 Sets a suffix to be added to spindle speed display on a screen 
such as the position display screen. 
3735 Sets the minimum clamp speed of the spindle motor. 
3736 Sets the maximum clamp speed of the spindle motor. 
3741 Sets the maximum spindle speed for gear 1. 
3742 Sets the maximum spindle speed for gear 2. 
3743 Sets the maximum spindle speed for gear 3. 
3744 Sets the maximum spindle speed for gear 4. 
3772 Sets the maximum speed of the spindle. 
When 0 is set, the speed is not clamped. 
4133 Sets the motor model code of the serial spindle. 
(This setting is not required for an analog spindle.) 
4019#7 The parameters for the serial spindle are: 
0:Not automatically set/1:Automatically set 
(This setting is not required for an analog spindle.) 
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Table 12.4.12 (d) Parameters displayed for parameter tuning (3) 
Parameter Brief description Standard 
No. setting 


1001#0 Least command increment on linear axes: 
0:Metric (millimeter machine) _1:Inch (inch machine) 
1005#0 When an automatic operation (other than G28) is executed before 
reference position return: 
0:Alarm is issued (No.224) 1:No alarm is issued. 
1005#1 Reference position return without dogs: 0O:Disabled 1:Enabled 
1006#0 Setting of linear axes or rotary axis: 
O:Linear axis _1:Rotation axis 
1006#3 Setting of the amount of travel: 
0:Radius specification 1: Diameter specification 
1006#5 Reference position return direction: 
0:Plus direction 1:Minus direction 
1008#0 Rotation axis roll-over function: O:Disabled _1:Enabled 
1008#2 With the amount of travel per revolution, relative coordinates are: 
O:Not rounded _1:Rounded 
1013#0 Sets the least input increment and least command increment: 
O:IS-B 1:IS-A 
1013#1 Sets the least input increment and least command increment: 
O:IS-B 1:IS-C 
1013#2 Sets the least input increment and least command increment: 
O:IS-B 1:IS-D 
1013#3 Sets the least input increment and least command increment: 
O:IS-B 1:IS-E 

1020 Program name 

1022 Sets each axis in the basic coordinate system. 

1023 Servo axis number 
1815#1 A separate pulse coder is: O:Notused 1:Used 
1815#4 The correspondence between machine positions and 
absolute-position detector positions is: 0:Not established 
1:Established 
1815#5 The position detector used is: 0:Other than an absolute-position 
detector 1:Absolute-position detector 
1825 Servo loop gain 
1826 Effective area 
1828 Positional deviation limit during travel 
1829 Positional deviation limit during stop 



















































































*1:  Forthe M series: 88(X),89(Y),90(Z) sequentially starting with the 
first axis (no standard value for the fourth axis and 
up) 

For the T series: 88(X),90(Z) (no standard value for the third axis 
and up) 

*2: FortheM series: 1,2,3 sequentially starting with the first axis (no 
standard value for the fourth axis and up) 

For the T series: 1,3 (no standard value for the third axis and up) 
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Table 12.4.12 (e) Parameters displayed for parameter tuning (4) 
Parameter Brief description Standard 
No. setting 
Coordinate 1240 Machine coordinate of the first reference position 
1241 Machine coordinate of the second reference position 
1260 Amount of travel per revolution of a rotary axis 360.000 
1320 Coordinate of the boundary of stored stroke check 1 in the 
positive direction 
1321 Coordinate of the boundary of stored stroke check 1 in the 
negative direction 
Feedrate 1401#6 | RDR |For a rapid traverse command, dry run is: 
O:Disabled _1:Enabled 

1410 Dry run feedrate 
1420 Rapid traverse rate 
1421 Rapid traverse override FO rate 
1423 Jog feedrate 
1424 Manual rapid traverse rate 
1425 FL feedrate for reference position return 
1428 Reference position return feedrate 
1430 Maximum cutting feedrate 
Acceleration/| 1610#0 Acceleration/deceleration for cutting feed is: 
deceleration 0:Exponential acceleration/deceleration 
1:Linear acceleration/deceleration after interpolation 
1610#4 Acceleration/deceleration for jog feed is: 

0:Exponential acceleration/deceleration 

1:Same as acceleration/deceleration for cutting feed 
(The settings of bit 1 (CTBx) and bit 0 (CTLx) of parameter 
No. 1610 are followed.) 
1620 Time constant for linear acceleration/deceleration for rapid 
traverse 
1622 Time constant for acceleration/deceleration for cutting feed 
1623 FL feedrate for acceleration/deceleration after interpolation 
for cutting feed 
1624 Time constant for acceleration/deceleration for jog feed 
1625 FL feedrate for exponential acceleration/deceleration for 
jog feed 
MISCELLANY 3030 Allowable number of digits of an M code 
3111#0 The servo setting screen is: 0:Not displayed 
1:Displayed 
3111#1 The spindle setting screen is: 0O:Not displayed 
1:Displayed 
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12.5 SCREENS DISPLAYED BY FUNCTION KEY 





By pressing the function key , data such as alarms, and alarm 


history data can be displayed. 
For information relating to alarm display, see Section HI.7.1. For 
information relating to alarm history display, see Section III.7.2. 
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12.6 DISPLAYING THE PROGRAM NUMBER, SEQUENCE 
NUMBER, AND STATUS, AND WARNING MESSAGES 
FOR DATA SETTING OR INPUT/OUTPUT OPERATION 





The program number, sequence number, and current CNC status are 
always displayed on the screen except when the power is turned on, a 
system alarm occurs, or the PMC screen is displayed. 

If data setting or the input/output operation is incorrect, the CNC does 
not accept the operation and displays a warning message. 

This section describes the display of the program number, sequence 
number, and status, and warning messages displayed for incorrect data 
setting or input/output operation. 


12.6.1 Displaying the Program Number and Sequence Number 


The program number and sequence number are displayed at the top 
right on the screen as shown below. 


Program number Sequence number 





IPROGRAM 
00123 NOOGB2 

X-6. 9288 Y2. 6601 26.0586 ; 
CNEWPRG D=4.@MM R=2. Ginn IS-C> ; X-1. 6442 Y1. 2847 206.0675 ; 
G96 X68 YO 2168. 9808 : X-2. 6862 Y8.9288 26.0711 ; 
G1? GAB X-2. 0001 1.9188 ; X-2. 6861 YO. 7874 20.8687 ; 
26.6851 ; X-1.5628 Y1. 284? 26.8639 ; 
G81 X-1.9188 Y2. 6861 26.084 ; X-8. 7873 Y2. 6882 26.055 ; 
X-1. 7774 26.0884 ; X-6.6d46 ¥2.0081 20.0513 ; 
X-2. 6862 Y1.7773 20.0834 ; X-1. 3614 ¥1. 2847 20.0602 ; 
X-2. 0061 ¥1.636 26.0816 ; X-2. 6861 Y@.6459 20.8662 : 
X-1.6359 ¥2. 66801 26.0768 ; Y@.5846 26.8637 ;: 
X-1.4946 286.0732 ; X-1.846 ¥8.6587 28.6625 ; 
X-2. 8862 ¥1.4945 20.0797 ; X-1. 2199 ¥1. 284? 20.0565 ; 
X-2. 6881 ¥1.3531 20.0776 ;: X-6. 5845 ¥2. 0802 20.0476 ;: 
X-1.3531 ¥2. 6681 26.8695 ; X-8. 3632 Y2.6601 20.@dd ; 
X-1. 2117 26.6659 ; X-1. 8785 ¥1. 284? 26.8529 ; 
X-1. 9271 ¥1. 2847 20.0748 ; X-1. 7845 Y@.6587 26.8588 ; 
X-2. 6882 ¥1.2116 20.0756 ;: X-2. 6001 YO. 3631 20.061 ; 
X-2. 6661 Y1.0762 20.0734 ; Y@. 221? 26.8583 ; 
X-1. 7857 ¥1. 284? 26.0711 ; X-1.6526 Y@.5692 26.8559 ; 
X-1. 6762 Y2. 6882 20.8623 ; X-8. 9372 ¥1. 2847 26.0492 ; 

A> 

MEM STOP *** *** 12: 66: 66 | PATH1 











Fig. 12.6.1 (a) 
The program number and sequence number displayed depend on the 
screen and are given below: 
e On the program screen in the EDIT mode on Background 
edit screen : 
The program No. being edited and the sequence number just 
prior to the cursor are indicated. 
e Other than above screens : 
The program No. and the sequence No. executed last are 
indicated. 
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e Immediately after program number search or sequence 
number search : 
Immediately after the program No. search and sequence No. 
search, the program No. and the sequence No. searched are 
indicated. 
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12.6.2 Displaying the Status and Warning for Data Setting or 
Input/Output Operation 


The current mode, automatic operation state, alarm state, and program 
editing state are displayed on the next to last line on the screen 


allowing 


the operator to readily understand the operation condition of 


the system. If data setting or the input/output operation is incorrect, 
the CNC does not accept the operation and a warning message is 
displayed on the next to last line of the screen. This prevents invalid 
data setting and input/output errors. 


Explanation 
- Description of each display 


A> 


(2) —WATA IS OUT OF RANGE 
EDIT STOP DWL FIN |S 66:66:66) INPUT 


(1) 


(1) Current mode 
MDI 
MEM 
RMT 
EDIT 
HND 
JOG 
INC 
REF 


ok KK 3 
(2) Automatic operation status 


ea 
STOP 
HOLD : 
STRT 


MSTR : 





(2) (3) (4) (6) (7) (8) 
(5): (10): (PATHY 
(5) is displayed in the (10) is displayed at the 
area for (3) and (4). position where (8) is now 
displayed. 
Fig. 12.6.2 (a) 


: Manual data input, MDI operation 

: Automatic operation (memory operation) 

: Automatic operation (DNC operation, or such like) 
: Memory editing 

: Manual handle feed 

: Jog feed 

: Manual incremental feed 

: Manual reference position return 

: Mode other than the above 





: Reset (When the power is turned on or the state in which 


program execution has terminated and automatic operation 
has terminated.) 


: Automatic operation stop (The state in which one block has 


been executed and automatic operation is stopped.) 
Feed hold (The state in which execution of one block has 
been interrupted and automatic operation is stopped.) 


: Automatic operation start-up (The state in which the system 


operates automatically) 

Manual numerical command start state (The state in which a 
manual numerical command is being executed) 
Alternatively, tool retract and recover operation state (The 
state in which a recover operation and repositioning 
operation are being performed) 
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(3) Axis moving status/dwell status 
MTN _: Indicates that the axis is moving. 
DWL : Indicates the dwell state. 
ile : Indicates a state other than the above. 

(4) State in which an auxiliary function is being executed 
FIN _ : Indicates the state in which an auxiliary function is being 

executed. (Waiting for the complete signal from the PMC) 

nee : Indicates a state other than the above. 

(5) Emergency stop or reset status 
: Indicates emergency stop.(Blinks in reversed display.) 
--RESET--_ : Indicates that the reset signal is being received. 

(6) Alarm status 
: Indicates that an alarm is issued. (Blinks in reversed display.) 
I3¥a09 : Indicates that the battery is low. (Blinks in reversed display.) 
Space : Indicates a state other than the above. 


NOTE 
When one of the following occurs, the battery 
alarm state is displayed, indicating that it is time to 
replace the battery: 


The voltage level of the lithium battery (the battery 
for CNC backup) becomes low. 

The voltage level of the backup battery of the 
absolute pulse coder becomes low. 





(7) Current time 
hh:mm:ss - Hours, minutes, and seconds 

(8) Program editing status 
INPUT : Indicates that data is being input. 
OUTPUT _ :: Indicates that data is being output. 
SEARCH _ : Indicates that a search is being performed. 


EDIT : Indicates that another editing operation is being 
performed (insertion, modification, etc.) 

LSK : Indicates that labels are skipped when data is input. 

RSTR : Indicates that the program is being restarted 

COMPARE : Indicates that a data comparison is being made. 

OFST : Indicates that the tool length compensation amount 


measurement mode is set (for the machining center 
system) or that the tool length compensation amount 
write mode is set (for the lathe system). 


WOFS : Indicates that the workpiece origin offset amount 
measurement mode is set. 

AICC1 : Indicates that operation is being performed in the AI 
contour control I mode. 

AICC2 : Indicates that operation is being performed in the AI 


contour control II mode. 
MEM-CHK : Indicates that a program memory check is being made. 


WSFT : Indicates that the workpiece shift amount write mode is 
set. 

LEN : Indicates that the active offset value change mode (tool 
length offset value of the M series) is set. 

RAD : Indicates that the active offset value change mode (tool 


radius compensation amount of the M series) is set. 
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WZR_: Indicates that the active offset value change mode 
(workpiece origin offset value) is set. 

TOFS : Indicates that the active offset value change mode (tool 
offset value of the M series) is set. 

OFSX : Indicates that the active offset value change mode (X-axis 
tool offset value of the T series) is set. 

OFSZ_: Indicates that the active offset value change mode (Z-axis 
tool offset value of the T series) is set. 

OFSY : Indicates that the active offset value change mode (Y-axis 
tool offset value of the T series). 

TCP _ : Indicates that operation is being performed in the tool center 
point control for 5-axis machining. 

TWP: Indicates that operation is being performed in the tilted 
working plane command mode. 

Space: Indicates that no editing operation is being performed. 


(9) Warning for data setting or input/output operation 


(10) Tool post name 


When invalid data is entered (wrong format, value out of range, etc.), 
when input is disabled (wrong mode, write disabled, etc.), or when 
input/output operation is incorrect (wrong mode, etc.), a warning 
message is displayed. In this case, the CNC does not accept the setting 
or input/output operation (retry the operation according to the 
message). 

Example 1) 

When a parameter is entered 


A>1_ 
WRONG MODE 


EDIT STOP *** an | 12:00: 00| PATH1 | 


Example 2) 
When a parameter is entered 


A>99999999999_ 
TOO MANY DIGITS 


MDI STOP *** nn | 12:00: @0|PATH1 | 


Example 3) 


When a parameter is output to an external input/output device 


A> 
WRONG MODE 


MEM STOP *** aH | 12:00: 00| PATHI | 


The number of a path whose status is indicated is displayed. 

PATHI1 : Indicates that the status being indicated is for path 1. 
Other names can be used depending on the settings of 
parameters 3141 to 3147. The tool post name is displayed 
at the position where (8) is now displayed. While the 
program is edited, (8) is displayed. 
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The graphic display function can draw the tool path specified by a 
program being executed on a screen. 

This function displays the movement of the tool during automatic 
operation or manual operation. 
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OPERATION 13.GRAPHIC FUNCTION 


13.1 GRAPHIC DISPLAY 


The tool path of a program during machining can be drawn. So, the 

progress of machining and the current tool position can be checked. 

The following functions are available: 

- The current tool position in the workpiece coordinate system is 
displayed. 

- Graphic coordinates can be set freely. 

- Rapid traverse and cutting feed can be drawn using a different 
color for each. 

- The values of F, S, and T in the program during drawing are 
displayed. 

- Graphic enlargement or reduction is possible. 


Graphic display procedure 


Explanation 


- Tool path graphic screen 





Press the function key then press the [GRAPH] soft key to 
display the tool path graphic screen. 


The tool path graphic screen consists of three major areas: 


- Graphic area for drawing a tool path 

- Area for displaying machining information such as tool position 
information 

- Area for displaying a graphic coordinate system 


PATH GRAPHIC 00123 NOOOOUWd 


SCALE 1.686 


A> 


MEM STOP *** *#% 12: 66:66 | PATH1 


Monk oa | ai ia L | 


Fig. 13.1 (a) Tool path graphic screen (M series) 
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PATH GRAPHIC 00123 NOOOoOOUW 


2 


|. 
SCALE 1.68 


MDI STOP *** *** 12: 66:66 | PATH1 


ttt EL a EZ als L | 


Fig. 13.1 (b) Tool path graphic screen (T series) 





A> 





- Tool path 
In a graphic coordinate system set by the graphic parameters described 
later, a tool path in the workpiece coordinate system is drawn. 
Even when the tool position changes discontinuously for a cause such 
as the setting of the origin and the switching of the workpiece 
coordinate system, drawing is performed assuming that the tool has 
moved. 
A tool path is continuously drawn even when the screen display is 
changed to another screen. 


- Machining information 
On the right side of the screen, the positions (along only three axes 
used for drawing) in the workpiece coordinate system, feedrate (F), 
spindle speed (S), and tool number (T) are displayed. 


NOTE 
Up to three graphic axes are used with the M series, 


and up to two graphic axes are used with the T 
series. 





- Graphic coordinate system 
On the lower-right portion of the screen, the coordinate axes and axis 
names of the graphic coordinate system are displayed. 
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Graphic parameter screen 


Press the function key then press the [PARAM] soft key to 


display the tool path graphic screen. 

On the graphic parameter screen, make settings necessary for drawing 
a tool path. 

The graphic parameter screen consists of three pages. 


- Graphic parameter screen page 1 


ACTUAL POSITION 00123 NGOOOYG 


ABSOLUTE a Q 
MM/MIN 
Q e 41%) %) PARTS COUNT 5 
B. GOO [oe vine “Ol OF 8s 


GRAPHIC PARAMETER 
Q © G00 GRAPHIC COORDINATES 
G.000 


CXY=B; ¥2=1, 2¥=2, X2=3, X¥Z=d ZXY=5> 






















OWN<xX 












SCALE [s«4. 8 

GRAPHIC CENTER x 50. 600 

¥ 50. 600 

MODAL 2 [ 50.000 

sea Ged GiS FF 1000.000 M g RANGECMAX. > x 108. 880 

Gi? G98 Gd8.1 Y 188. 868 

G98 G58 G25 ] 2 100. 808 

ss sel oe D a RANGECMIN. > x [ £6.00 

G21 G54 G5e.1 T ft) : aa 
G48 G64 GS4.2 . * : 

G49.1669 G8a.5 A> 


MEM STOP *** **x 12: 68:08 | PATH1 


Maks | tie Ee lJ 
RD 


Fig. 13.1 (c) Graphic parameter screen page 1 





On graphic parameter screen page 1, a graphic coordinate system, 
graphic range, and so forth are set. 

In the setting of a graphic coordinate system, the coordinate axes and 
axis names of the set coordinate system are graphically displayed. 
When a three-dimensional coordinate system is displayed, a rotation 
angle is also displayed. 

A graphic range is set using one of two methods. One method sets a 
graphic scale and graphic center coordinates. The other sets the 
maximum values and minimum values of a graphic range. 
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- Graphic parameter screen page 2 


ACTUAL POSITION 


B-63944EN/02 


OWN<xX 









00123 NOOGB2 
Drevnts 


953 
12H15N33S 
6H OM OS 





ABSOLUTE 


0.000 
Q.00 

0.000 
Q@.000 
0.000 


F 


PARTS COUNT 
RUN TIME 
CYCLE TIME 
GRAPHIC PARAMETER 
ROTATION ANGLE ¢H>} 
Uy 


















COLOR<FEED> 
€RAPID> 
REVERSE» 


AlN RP} oO] oO 





MODAL RED=1; GREEN=2; YELLOW=3; BLUE=4 
G09 Gee G15  F 1900.900 a PURPLE=5,SKY BLUE=6,WHITE=? 
Gi? G98 Gde.1 PROGRAM STOP 6 
699 asa G25 | 8 AUTO ERASE FF) 
G22 G6? G160 )p i) COFF=8; ON=1 
G94 G9? G13.1 
G21 G5d G50.1 T 8 
G40 G6d GS4.2 . ~ 
G49.1G69 G88.5 A> 





MEM STOP *** **% 12: 66: 68 | PATH1 





Eales HNDL [ | | fe +INPUT alll 
RD 


Fig. 13.1 (d) Graphic parameter screen page 2 


On graphic parameter screen page 2, graphic colors, rotation angles, 
and whether to perform automatic erase operation are set. 


- Graphic parameter screen page 3 


ACTUAL POSITION 


OWN<xX 


Gea 
G1? 
G98 
G22 
G94 


G48 


68a 
G98 
65a 
G67 
G9? 
G54 


Gda9. 1669 


00123 NOBBGO 
Drevnts 


953 
12H15M33S 
6H OM OS 





ABSOLUTE 


0.000 
Q.000 
0.000 
Q.000 
0.000 












PARTS COUNT 

RUN TIME 

CYCLE TIME 
GRAPHIC PARAMETER 






MODAL 


Gis 

G48. 1 

G25 H 6 

G166 » a 

G13.1 

G50.1 T 6 
8 


F 1668.986 M 6 


G54. 2 Ss 
688.5 


A> 


MEM STOP *** *#« 12: 66:68 | PATH1 


rakes tie flee li 
RD 


Fig. 13.1 (e) Graphic parameter screen page 3 


On graphic parameter screen page 3, coordinate axes to be used for 
drawing are set. 
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[7 | 





- Graphic parameter screen page 1 


ACTUAL POSITION 00123 NOOOOD 


ABSOLUTE F Q ean 


0.000 

























PARTS COUNT 953 
RUN TIME 12H15M33S 
%) e 000 CYCLE TIME @H 8M OS 


GRAPHIC PARAMETER 


GRAPHIC COORDINATES [| —éi<BDT 


SCALE 1. 68 
GRAPHIC CENTER x 58. 668 
2 58. 668 


0.000 
Q@.000 


GNX 






MODAL 





Goa Gee F an g RANGECMAX. > x 100. 980 

G9? G67 2 100. 800 

G69 G54 H 8 

G99 G6d D a RANGECMIN. > x 0.800 

G21 Gis -————_____ 
2 ; 

G4@ G69.1 T 7) 8. 688 

G25 

G22 2 ° A> 


MDI STOP *** *** 12: 66: 68 | PATH1 


Sala li HNDL [ ee +INPUT lil 
RD 


Fig. 13.1 (f) Graphic parameter screen page 1 





On graphic parameter screen page 1, a graphic coordinate system, 
graphic range, and so forth are set. 

In the setting of a graphic coordinate system, the coordinate axes and 
axis names of the set coordinate system are graphically displayed. 
When a three-dimensional coordinate system is displayed, a rotation 
angle is also displayed. 

A graphic range is set using one of two methods. One method sets a 
graphic scale and graphic center coordinates. The other sets the 
maximum values and minimum values of a graphic range. 
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- Graphic parameter screen page 2 


ACTUAL POSITION 00123 NOOOOBD 





GRAPHIC PARAMETER 





Fig. 13.1 (g) Graphic parameter screen page 2 (T series) 


On graphic parameter screen page 2, graphic colors and whether to 
perform automatic erase operation are set. 


- Graphic parameter screen page 3 


ACTUAL POSITION OBO123 NOOOOBD 





GRAPHIC PARAMETER 





Fig. 13.1 (h) Graphic parameter screen page 3 


On graphic parameter screen page 3, coordinate axes to be used for 
drawing are set. 
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- Graphic coordinate system 


OPERATION 13.GRAPHIC FUNCTION 


Graphic parameter setting 


For tool path drawing, a graphic coordinate system, tool path graphic 
colors, and graphic range need to be set on the graphic parameter 
screen. 

The graphic parameters to be set on the graphic parameter screen are 
described below. 

When a value is set for a parameter, the parameter value becomes 
immediately effective. Ifa tool path is already drawn, the tool path 
is cleared when new parameter values are set. 


Select a desired graphic coordinate system for tool path drawing then 
set the corresponding number. 











Y | 0. XY Z | 1.YZ X | 2.2ZX 
X Y Z 

| = J J 
Xx X Y Z Xx 


Fig. 13.1 (i) Graphic coordinate system (M series) 





Setting = 0 Setting = 1 Setting = 2 Setting = 3 
Z X Z 
Z x 
x Z 
X 
Setting = 4 Setting = 5 Setting = 6 Setting = 7 





Oh oO. 


Fig. 13.1 (j) Graphic coordinate system (T series) 
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- Horizontal rotation angle 


- Vertical rotation angle 
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When a three-dimensional graphic coordinate system such as 4.XYZ 
or 5.ZXY is selected, the coordinate system can be rotated with the 
horizontal plane used as the rotation plane. Set a rotation angle from 
-360° to +360°. 
In Fig. 13.1 (k) below, the graphic coordinate system XYZ is 
converted to XY”Z” by the following settings: 

Initial rotation angle: 180° 

Horizontal rotation angle: 30° 


Horizontal 
rotation plane 











Fig. 13.1 (k) Coordinate system rotation in horizontal direction 


When a three-dimensional coordinate system such as 4.XYZ or 
5.ZXY is selected, the coordinate system can be rotated with an axis 
on the horizontal plane specified as a vertical rotation axis. Set a 
rotation angle from -360° to +360°. 
In Fig. 13.1 (1) below, the graphic coordinate system XYZ is 
converted to X'Y'Z' by the following settings: 

Rotation angle of the vertical rotation axis: 65° 

Vertical rotation angle: 20° 









Vertical 20 
rotation plane ~—¢ 


Vertical 
rotation axis 


Initial 
vertical 
rotation axis 


Vertical rotation axis 
rotation plane 


x 








Fig. 13.1 (Il) Coordinate system rotation in vertical direction 
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- Graphic color 
Set a graphic color number for a tool path for each of cutting feed and 
rapid traverse. 


1:Red 2: Green 3: Yellow 4: Blue 
5: Purple 6: Sky blue 7: White 


- Graphic range setting 

Set a graphic range so that a tool path can be drawn in the tool path 
graphic area. Two methods are available: 

1. Method that sets graphic center coordinates and a scale 

2. Method that sets the maximum values and minimum values of 

a graphic range 

Whether method 1 or method 2 is used is determined by which 
parameters were set most recently. A set graphic range is preserved 
even if the power is turned off. 


Method that sets graphic center coordinates and a scale 
Set the coordinates of the center of a tool path graphic area in the 
workpiece coordinate system. Then, set a scale used to contain the 
graphic range in the tool path graphic area. 
Set a scale value from 0.01 to 100 (magnification). 
As a smaller scale is set, a tool path can be drawn in a wider range. 
As a larger scale is set, a tool path is drawn by enlarging the tool path 
around the graphic center coordinates. 


Method that sets the maximum values and minimum values of a graphic range 
Set the maximum coordinates and minimum coordinates of a desired 
graphic range in the workpiece coordinate system. Drawing is 
performed so that the specified entire range is contained in the tool 
path graphic area. 


From set maximum values and minimum values, graphic center 
coordinates and a sale are automatically calculated to update the 
graphic center coordinates and scale on the graphic parameter screen. 
When a scale is automatically determined, the scale is clamped to 
within the range 0.01 to 100. Moreover, a maximum value must be 
greater than the corresponding minimum value. 


NOTE 
When the maximum values and minimum values of a 
graphic range are set, the graphic center 
coordinates and scale are automatically updated. 


However, when the graphic center coordinates and 
scale are changed, the maximum values and 
minimum values of the graphic range are not 
automatically updated. 
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- Automatic erasure 


- Graphic axis number 


OPERATION B-63944EN/02 


Before drawing is started, the previous drawing can be erased 
automatically. 
1: Immediately before drawing is started, the previous drawing 
is erased automatically. 
0: The previous drawing is not erased automatically. 


Set which controlled axis to be assigned to which graphic axis. 
For each controlled axis, set one of the following graphic axis 
numbers: 

First graphic axis: 1 

Second graphic axis: 2 

Third graphic axis: 3 

Axis not used for drawing: 0 


NOTE 
1 When 0 is set for all controlled axes, it is assumed 
that 1, 2, and 3 are set sequentially for the first to 


the third controlled axes. 

With the T series, a tool path is drawn along the first 
and second graphic axes. No tool path is drawn 
along the third graphic axis. 
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Operation 
- Moving the cursor 
The cursor can be moved to a desired parameter by the page key 


or and the cursor key [t]. [+]. [*}. o: [>] 


With the cursor keys, however, you cannot move from page | or 2 to 
page 3. 


- Input of settings (absolute input) 
Method 1 
(1) Key ina value to be set. 
(2) Press the [INPUT] soft key. 
Method 2 
(1) Key ina value to be set. 


(2) Press the key. 


- Input of settings (incremental input) 
Method 1 
(1) Key in a value to be incremented to or decremented from 
the current setting. 
(2) Press the [+INPUT] soft key. 


Procedure for tool path drawing 


Procedure 
- Start of drawing 
(1) Display the tool path graphic screen. 
(2) Press the [START] soft key. 
The state that enables the movement of the tool in automatic 
operation or manual operation to be drawn is set. 
Afterwards, tool path drawing continues even if another screen is 
displayed. 
(3) Start automatic operation or manual operation. 


- End of drawing 
(1) Display the tool path graphic screen. 
(2) Press the [END] soft key. 
Tool path drawing ends. 


- Erasure of the drawing 
(1) Press the [END] soft key to end drawing. 
(2) Press the [CLEAR] soft key. The tool path drawn so far is 
erased. 
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NOTE 
1 Set the machine lock state to perform drawing only 
without moving the tool. 


2 When the feedrate is high, the tool path may not be 
drawn correctly. In such a case, decrease the 
feedrate by performing, for example, a dry run. 





Enlarged/reduced display 


On the tool path graphic screen, you can move the center position of 
the tool path drawing or enlarge the tool path drawing while viewing 
the drawn tool path. 

If any of these operations is executed, the tool path already drawn is 
cleared. 


- Procedure for changing the graphic range by setting a graphic center and 


magnification 


The center position of drawing can be moved. At the same time, the 
scale can also be changed. So, the tool path can be enlarged or 
reduced at a desired new center position. 


(1) Press the [SCALE] soft key then the [CENTER 
MAGNIFICATION] soft key. 
A yellow cursor appears at the center of the screen, and the soft 
key display is changed. 

(2) Move the yellow cursor to a new graphic center position by using 


the cursor key : , , or 

(3) When changing the scale, key in a value from 0.01 to 100 
(magnification) then press the [INPUT] soft key. An input 
value is displayed at "SCALE" in the lower-right corner of the 
screen. 
When you press the [+INPUT] soft key, the current 
magnification is incremented by an input value. 

(4) Press the [EXEC] soft key to end the operation. 
After this step, the setting for graphic movement is effective to 
enable drawing with the new setting. 


Before graphic movement After graphic movement 





Fig. 13.1 (m) Graphic movement (magnification = 2.00) 
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- Procedure for changing the graphic range with a rectangle 
A tool path can be drawn by enlarging a specified rectangular area. 


(1) Press the [SCALE] soft key then the [RECTANGLE] soft key. 
Two cursors, one in red and the other in yellow, appear at the 
center of the screen, and the soft key display is changed. 


(2) Move the yellow cursor by using the cursor key 


> > 


[+]. or [+]. The cursor to be moved can be switched by 


pressing the [CURSOR UP/DOWN] soft key. 
Move the two cursors to the diagonal points of a new rectangular 
graphic range. A tool path is drawn next time so that the drawn 
tool path is contained in this rectangular range. 

(3) Press the [EXEC] soft key to end the operation. 
After this step, the setting of graphic enlargement is effective to 
enable drawing with the new setting. 


Before graphic enlargement After graphic enlargement 





Fig. 13.1 (n) Graphic enlargement 


NOTE 

1 To stop an enlargement/reduction operation, press 
the [CANCEL] soft key. 

2 Even if you perform an enlargement/reduction 


operation, the tool path already drawn on the screen 
is neither moved nor enlarged. The setting for 
enlargement/reduction becomes effective starting 
with tool path drawing after you press the [EXEC] 
soft key. 
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ROUTINE MAINTENANCE 





This chapter describes routine maintenance work that the operator can 
perform when using the CNC. 


/\ WARNING 
Only those persons who have been educated for 


maintenance and safety may perform maintenance 
work not described in this chapter. 
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1.1 ACTION TO BE TAKEN WHEN A PROBLEM OCCURRED 





If an unexpected operation occurs or an alarm or warning is output 
when the CNC and machine are used, the problem needs to be solved 
quickly. For this purpose, the status of the problem must be 
identified correctly, and a proper action must be taken. 

The procedure for taking an action for a problem is shown below. 


Problem! 


eZ 


Dangerous? Dangerous 
Danger to you and others Take action to avoid danger. 
- Stop machine immediately. 


- Refuge to safe place immediately. 


Not dangerous Confirm and secure safety. 
Check and identify problem. - Confirm current safety. 
- Warning - Check machine and circumstances. 
- Alarm - Turn off power to machine. 
- Abnormal operation 
- Wrong operation, etc. 


Check status and how problem If 

occurred. 

- Time and place of problem 
occurrence supplier of problem details for 

- Operation procedure 


recovery is impossible, 


immediately notify sales agent or 


action. 


Investigate cause and take action. 
Check and correct machining program and set data items. 
Review and modify operation procedure. 
Check and repair machine operation sections. 


Recovery work 
- Action by you or machine tool builder 
- Check operation after recovery. 





For details of investigation and action on problems arising from the 
CNC, refer to "TROUBLESHOOTING PROCEDURE" in the 
maintenance manual issued by FANUC. 


- 1328 - 


B-63944EN/02 


MAINTENANCE 1.ROUTINE MAINTENANCE 


1.2 BACKING UP VARIOUS DATA ITEMS 


- Data backup operation 


With the CNC, various data items such as machining programs, offset 
data, and system parameters are stored in the SRAM of the control 
unit and are protected by a backup battery. However, an accident 
can erase the data. By storing the data at another location (outside 
the CNC), the data, when lost, can be restored. 

So, when the machine is started up or data is updated, for example, the 
data should be backed up (stored outside the CNC). 


The data items listed below should be backed up. For the method of 
data output operation, see the chapter of "DATA INPUT/OUTPUT" in 
this manual. 


<1> System parameters 
— See IL-8.1.2. 

<2> Machining programs 
— See IH-8.1.1. 

<3> Tool offset data 
— See IL-8.1.3. 

<4> PMC data 
— See PMC PROGRAMMING MANUAL (B-63983EN). 

<5> Pitch error compensation data (when the pitch error 
compensation function is selected.) 
— See IL-8.1.4. 

<6> Three-dimensional error compensation (when the 
three-dimensional error compensation function is selected.) 
— See III-8.1.5. 

<7> Custom macro variables (when the custom macro function is 
selected.) 
— See ILI-8.1.6. 

<8> Workpiece coordinate system setting data (when the workpiece 
coordinate system function is selected.) 
— See IL-8.1.7. 

<9> Tool management data (when the tool management function is 
selected.) 
—> See IL-8.1.9. 


It is recommended that recording media (such as floppy disks and 
memory cards) daily used with the machine be used to store data. 
Stored data should be managed properly so that the data can be 
restored quickly if a problem occurs. 
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- Data restoration work 
In order to restore lost data to the state of the stored data, input the 
data backed up according to the previous item into the CNC. For the 
method of data input operation, see the chapter of "DATA 
INPUT/OUTPUT" in this manual. 


Z\ WARNING 
After inputting stored data, do not start an 
operation immediately. Instead, check that the 
data is input correctly and that settings are made to 
meet a desired operation. 
If an operation is executed without making this 
check, the machine and workpiece can be 
damaged and personal injury can occur due to an 
unexpected machine movement. Use sufficient 
care. 


/A\ CAUTION 


Before recovery of the following data items, consult 
with the machine tool builder of the machine used: 
e System parameters 

e PMC data 

e Macro programs and custom macro variables 

e Pitch error compensation values 


NOTE 
The method of recovery described in this section is 
intended just to restore the state of the backed up 
data, and does not guarantee recovery of the state 
that was present when the data was lost. 





- 1330 - 


MAINTENANCE 1.ROUTINE MAINTENANCE 


B-63944EN/02 


1.3 METHOD OF REPLACING BATTERY 


Battery for memory backup 


This chapter describes how to replace the CNC backup battery and 
absolute Pulsecoder battery. This chapter consists of the following 
sections: 

1.3.1 Replacing Battery for LCD-mounted Type CNC Control unit 
1.3.2 Replacing the Battery for Stand-alone Type CNC Control Unit 
1.3.3 Battery in the CNC display Unit with PC Functions (3 VDC) 
1.3.4 Battery for Absolute Pulse coders 


Part programs, offset data, and system parameters are stored in SRAM 
in the control unit. The power to the SRAM is backed up by a 
lithium battery mounted on the front panel of the control unit. 
Therefore, the above data is not lost even if the main battery fails. 
The backup battery is installed in the control unit prior to being 
shipped from the factory. This battery can provide backup for the 
memory contents for about a year. 

When the battery voltage falls, alarm message "BAT" blinks on the 
LCD display and the battery alarm signal is output to the PMC. 
When this alarm is displayed, replace the battery as soon as possible. 
In general, the battery can be replaced within one or two weeks of the 
alarm first being issued. This, however, depends on the system 
configuration. 

If the battery voltage subsequently drops further, backup of memory 
can no longer be provided. Turning on the power to the control unit 
in this state causes system alarm to be issued because the contents of 
memory are lost. Replace the battery, clear the entire memory, then 
reenter the data. 

Replace the memory backup battery while the control unit is brought 
off. 

The following two kinds of batteries can be used. 

e Lithium battery, incorporated into the CNC control unit. 

e Two alkaline dry cells (size D) in an external battery case. 


NOTE 


A lithium battery is installed as standard at the 
factory. 
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1.3.1 Replacing Battery for LCD-mounted Type CNC Control Unit 


When using a lithium battery 
- Replacement procedure 

When a lithium battery is used 

Prepare a new lithium battery (ordering code: A02B-0200-K102 

(FANUC specification: A98L-0031-0012)). 

<1> Turn on the power to the CNC. After about 30 seconds, turn off 
the power. 

<2> Remove the old battery from the back of the CNC control unit. 
First, unplug the connector by yanking the battery cable, then 
take the battery out of its case. 
The battery case of a control unit without option slots is located 
at the back of the unit as shown in the figure below. The battery 
case of a control unit with option slots is located next to the fan 
on the top of the unit. 

<3> Insert a new battery and reconnect the connector. 

<4> Clamp the battery cable as shown in Fig. 1.3.1 (c). 















Lithium battery 
A02B-0236-K102 











Fig. 1.3.1 (a) Unit without option slots 
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Battery case 


Lithium battery 


A02B-0236-K102 

















Fig. 1.3.1 (b) Unit with option slots 











Battery cable 





Fig. 1.3.1 (c) Clamping the battery cable 


/\ WARNING 
Using other than the recommended battery may 
result in the battery exploding. Replace the battery 
only with the specified battery (AO2B-0200-K102). 


/\ CAUTION 
Steps <1> to <3> should be completed within 30 
minutes. 
Do not leave the control unit without a battery for 
any longer than the specified period. Otherwise, 
the contents of memory may be lost. 
If steps <1> to <3> may not be completed within 30 
minutes, save all contents of the SRAM to the 
memory card beforehand. Thus, if the contents of 
the SRAM are lost, the contents can be restored 
easily. 
For the method of operation, refer to Maintenance 
Manual. 





When discarding a battery, observe the applicable ordinances or other 
rules of your local government. Also, cover the terminals of the 
battery with vinyl tape or the like to prevent a short-circuit. 
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When using commercial alkaline dry cells (size D) 
- Replacement procedure 
<1> Prepare two alkaline dry cells (size D) commercially available. 
<2> Turn on the power to the control unit. 
<3> Remove the battery case cover. 
<4> Replace the cells, paying careful attention to their orientation. 
<5> Reinstall the cover onto the battery case. 


A\ CAUTION 
When replacing the alkaline dry cells while the 


power is off, use the same procedure as that for 
lithium battery replacement described above. 

















Alkaline dry cell x 2 


Connection terminal on the rear 


Mounting hole x 4 


Battery case 
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1.3.2 Replacing the Battery for Stand-alone Type CNC Control Unit 


When using a lithium battery 


- Replacing the battery 


If a lithium battery is used, have A02B-0200-K102 (FANUC internal 


code: A98L-0031-0012) handy. 
<1> Turn the CNC on. About 30 seconds later, turn the CNC off. 
<2> Remove the battery from the top area of the CNC unit. 


First, unplug the connector by yanking the battery cable, then 


take the battery out of the case. 


The battery case is provided in the top area of the face plate of 


the main CPU board. 
<3> Replace the battery, then connect the connector. 











Battery case 


Lithium battery 
A02B-0200-K102 


/ 


Connector 














/\ WARNING 
The incorrect mounting of the battery may cause an 


explosion. Avoid using any battery other than the 
one specified here (AO2B-0200-K102). 
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/\ CAUTION 
Complete steps <1> to <3> within 30 minutes. 
If the battery is left removed for a long time, the 
memory would lose the contents. 
If there is a danger that the replacement cannot be 


completed within 30 minutes, save the whole 
contents of the SRAM to a memory card. The 
contents of the memory can be easily restored with 
the memory card in case the memory loses the 
contents. 





Discard the dead battery, observing appropriate municipal rules and 
regulations. When discarding the battery, insulate the terminal with 
a tape so that no short-circuit would occur. 


When using commercial D-size alkaline dry cells 
- Replacing the battery 
<1> Have commercial D-size alkaline dry cells handy. 
<2> Turn the CNC on. 
<3> Remove the cover from the battery case. 
<4> Replace the old dry cells with new ones. Mount the dry cells in 
a correct orientation. 
<5> Replace the cover on the battery case. 


/\ CAUTION 
In the power-off state, the battery should be 


replaced as in the case of the lithium battery, which 
is descried above. 











2 dry cells 


Connection terminal on the back 


4 mounting holes 


Case 
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1.3.3 Battery in the CNC Display Unit with PC Functions (3 VDC) 


- Replacing the battery 


A lithium battery is used to back up BIOS data in the CNC display 
unit with PC functions. This battery is factory-set in the CNC 
display unit with PC functions. This battery has sufficient capacity 
to retain BIOS data for one year. 
When the battery voltage becomes low, the following message 
appears on the self test screen displayed at turn-on, and the self test 
pauses. 

CMOS Battery Failure 
If this message appears, replace the battery as soon as possible (within 
one week). FANUC recommends that the battery be replaced once 
per year regardless of whether a battery alarm is issued. 


(1) To guard against the possible loss or destruction of BIOS 
parameters, write down the BIOS parameter values. 

(2) Obtain a new lithium battery (A02B-0200-K102). 

(3) After power has been supplied for at least five seconds, turn off 
the power to CNC display unit with PC functions. Remove the 
intelligent terminal from the panel so that replacement work can 
be done from the rear of the intelligent terminal. 

(4) Detach the connector of the lithium battery, and remove the 
battery from the battery holder. 

(5) Attach the connector, and place the battery in the battery holder. 

(6) Install CNC display unit with PC functions again. 

(7) Turn on the power, and check that the BIOS parameters are 
maintained (BIOS setup is not activated forcibly). 


Between removing an old battery and inserting new battery, no more 
than five minutes must be allowed to elapse. 


When replacing the battery of the PANEL 7, follow the steps above. 
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Connector 
(BAT1) 


Lithium battery 
A02B-0200-K102 














Fig. 1.3.3 (a) Lithium battery connection for CNC display unit with PC functions 
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1.3.4 Battery for Absolute Pulsecoders 


- Replacing batteries 


(1) 


(2) 


(3) 


(4) 


(5) 


When the voltage of the battery for absolute Pulsecoders 
becomes low, alarms DS0306 to DS0308 occur. 

When alarm DS0307 (alarm indicating the voltage of the battery 
becomes low) occurs, replace the battery as soon as possible. In 
general, the battery should be replaced within one or two weeks, 
however, this depends on the number of Pulsecoders used. 

If the voltage of the battery becomes any lower, alarm DS0306 
(battery zero alarm) occurs. In this case, the current positions 
for the Pulsecoders can no longer be maintained. 

In this state, alarm DS0300 (reference position return request 
alarm) occurs. After replacing the batteries, be sure to perform 
manual reference position return. 

The service life of the batteries is about two years if they are 
used in a six-axis configuration with ai/ais/Bis series servo 
motors and one year if they are used in a six-axis configuration 
with a/B series servo motors. FANUC recommends that you 
replace the batteries periodically according to the battery service 
life. 

To connect the battery, use the battery case or incorporate the 
battery into the servo amplifier. Note that the attachment 
method of the battery depends on the connection method and the 
type of servo amplifier. 


To prevent absolute position information in absolute Pulsecoders from 
being lost, turn on the machine power before replacing the battery. 
The replacement procedure is described below. (Note: The 
turning-on step is not required when the oi or ais series servo motor 
or Bis series servo motor (B0.4is to B22is) is used.) 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


Turn the servo unit (machine) on. 

Place the machine in the emergency stop state. 

Confirm that servo motors are not active. 

Make sure the DC link charge LED is off. 

Remove the old battery and then attach a new one. 

Now, replacement has been completed. The system power can 
be turned off. 
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NOTE 
The absolute Pulsecoder of the servo motor ai/ais 
series or Bis (B0.4is to B22is) series is incorporated 
with a backup capacitor as standard. This backup 
capacitor enables an absolute position detection to 
be continued for about 10 minutes. Therefore, no 
manual reference position return need be 
performed if the time during which servo amplifier 
power is kept off for battery replacement is within 
10 minutes. If battery replacement takes 10 minutes 
or more, the power must remain turned on. 


/\ WARNING 

1 When replacing the battery, be careful not to touch 
bare metal parts in the panel. In particular, be 
careful not to touch any high-voltage circuits due to 
the electric shock hazard. 
Before replacing the battery, make sure the DC link 
charge LED is off. Otherwise, an electric shock 
may be received. 
Be sure to use the specified battery. If another type 
of battery is used, it may overheat, blow out, or 
catch fire. 
Install the battery with correct polarity. If the battery 
is installed with incorrect polarity, it may overheat, 
blow out, or catch fire. Or, absolute position 
information in absolute Pulsecoders may be lost. 
During attachment of the battery, insert the 
factory-attached protection socket into the CX5X or 
CX5Y connector, whichever is not used. If the +6 V 
pin and 0 V pin are short-circuited, the battery may 
overheat, blow out, or catch fire. Or, absolute 
position information in absolute Pulsecoders may 
be lost. 
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- Replacing D-size alkaline dry cells in the battery case 
Replace four D-size alkaline batteries (AQ06B-6050-K061) in the 
battery case installed in the machine. 
(1) Have four D-size alkaline batteries on hand. 
(2) Loosen the screws on the battery case. Remove the cover. 
(3) Replace the alkaline batteries in the case. Pay careful attention to 
the polarity of the alkaline batteries. 
(4) Attach the cover. 





Screws 


P< 
0 


Cover 

















/\ WARNING 
Install the battery with correct polarity. If the battery 


is installed with incorrect polarity, it may overheat, 
blow out, or catch fire. Or, absolute position 
information in absolute Pulsecoders may be lost. 
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- Attaching the built-in battery (ai series servo amplifier) 
Attach the lithium battery (A06B-6073-K001) to the servo amplifier. 


[Attachment procedure] 

(1) Remove a battery cover from the servo amplifier. 

(2) Attach the battery as shown below. 

(3) Re-attach the cover. 

(4) Connect the connector of battery with CX5X of the servo 
amplifier. 





SVM 


Inserting way 


n 


n =e ea Cable side 
Ss < Red: +6V 




















~N 
Connector ae 
= 
a a 
CX5X, CX5Y 
/ Battery cover 
+6V r 
OV 
































A\ CAUTION 
Attaching the battery from the cable outlet applies 
tension to the cable. Therefore, attach the cable 


from another place to prevent the cable from being 
stretched. If this cable is connected on a stretch 
condition, a bad conductivity may be occurred. 
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- Attaching the built-in battery (8 series servo amplifier) 
Attach the lithium battery (A06B-6093-K001) to the servo amplifier. 


[Attachment procedure] 

(1) In case of SVU-12 or SVU-20, remove the battery cover under 
the servo amplifier grasping its left and right sides. In case of 
SVU-40 or SVU-80, remove the cover attached on right side of 
the servo amplifier grasping its upper and lower sides. 

(2) Remove the connector of battery. (Connector CX5X or CXSY) 

(3) Replace the battery and connect the connector. 

(4) Mount the battery cover. 





Battery cover 





SVU-12, SVU-20 








Battery Battery cover 





Pass the battery cable to this slit. 


SVU-40, SVU-80 
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/\ CAUTION 

1 The connector of the battery can be connected with 
either of CX5X and CX5Y. 

2 Attaching the battery from the cable outlet applies 


tension to the cable. Therefore, attach the cable 
from another place to prevent the cable from being 
stretched. If this cable is connected on a stretch 
condition, a bad conductivity may be occurred. 





- Used batteries 
Old batteries should be disposed as "INDUSTRIAL WASTES" 
according to the regulations of the country or autonomy where your 
machine has been installed. 
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PARAMETERS 





This manual describes all parameters indicated in this manual. 
For those parameters that are not indicated in this manual and other 
parameters, refer to the parameter manual. 


NOTE 


A parameter that is valid with only one of the path 
control types for the lathe system (T series) and 
machining center system (M series) is indicated in 
the upper or lower row as described below. A blank 
represents an unusable parameter. 


[Example 1] 


The parameter HTG is common to the T series and 
M series, and RTV and ROC are parameters used 
with the T series only. 


#7 #6 #5 #4 #3 #2 #1 #0 
fev |  |ure{ro{| | | | '|Tseres 
| | Ct re | TT series 


[Example 2] 


The following parameter is used with the M series 
only: 


T series 
Cutting feedrate M series 
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DESCRIPTION OF PARAMETERS 


#7 


#6 #5 #4 #3 #2 #1 #0 
Ee nae ea ee (a (Oa 


[Input type] 
[Data type] 


#0 TVC 


#1 ISO 


[Input type] 
[Data type] 


#1 FCV 


[Input type] 
[Data type] 


#1 PRM 


[Input type] 
[Data type] 


#0 MIRx 


Setting input 
Bit path 


TV check 
0: Not performed 
1: Performed 


Code used for data output 


0: ElA code 
1: ISO code 


NOTE 


ASCII code is used at all times for output to the 
memory card. 





#7 


#6 #5 #4 #3 #2 #1 #0 
eet (me (eae eo | A eae 


Setting input 
Bit path 


Program format 
0: Series 16 standard format 


1: Series 15 format 


#7 


#6 #5 #4 #3 #2 #1 #0 
Pe (A | | PP 


Setting input 
Bit path 


When parameters are output, the parameters whose values are 0 are: 
0: Output. 
1: Not output. 


#7 


#6 #5 #4 #3 #2 #1 #0 
ee (ee a a ae | a 


Setting input 
Bit axis 


Mirror image for each axis 


0: Mirror image is off. (Normal) 
1: Mirror image ison. (Mirror) 
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[ 


Input type] 
[Data type] 


[Valid data range] 


#1 


#3 


APPENDIX A.PARAMETERS 


VO CHANNEL : Input/output device selection, or interface number for a 
foreground input device 


Setting input 
Byte 
0 to 5 
The CNC has the following interfaces for transferring data to and from 
an external input/output device and the host computer: 
Input/output device interface (RS-232-C serial ports | and 2) 
Memory card interface 
Data server interface 
By setting bit 0 (104) of parameter No. 0110, data input/output can be 
controlled separately. When [04 is not set, data input/output is 
performed using the channel set in parameter No. 0020. When IO4 
is set, a channel can be assigned to each of foreground input, 
foreground output, background input, and background output. 
In these parameters, specify the interface connected to each 
input/output device to and from which data is to be transferred. See 
the table below for these settings. 


Correspondence between settings and input/output devices 
Setting Description 


RS-232-C serial port 1 





2 RS-232-C serial port 2 
Memory card interface 
Data server interface 





#7 #6 #5 #4 #3 #2 #1 #0 
ea (ee a (a ee 


[Input type] 


[Data type] 


CTV 


NCR 


Setting input 
Bit 


Character counting for TV check in the comment section of a 
program. 

0: Performed 

1: Not performed 


Output of the end of block (EOB) in ISO code 


0: LF, CR, CR are output. 
1: Only LF is output. 
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#7 #6 #5 #4 #3 #2 #1 #0 
EC aa a aS | | ee 
[Input type] Parameter input 
[Data type] Bit 


#7 MNC DNC operation from the memory card and external device 
subprogram call from the memory card are: 


0: Not performed. 
1: Performed. 


0983 Path control type of each path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Byte path 
[Valid datarange] Otol 
Set the path control type of each path. 
The following two path control types are available: 
T series (lathe system) :0 
M series (machining system) : 1 


#7 #6 #5 #4 #3 #2 #1 #0 
ee A A Sa 
[Input type] Parameter input 


[Data type] Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#0 LCP — Set whether the path is a loader control path. 
0: The path is not a loader control path. 
1: The path is a loader control path. 
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[Input type] 
[Data type] 


#0 INM 


[Input type] 
[Data type] 
#0 JAX 
# 3 AZR 
#4 XIk 
#7 IDG 


APPENDIX A.PARAMETERS 


#7 #6 #5 #4 #3 #2 #1 #0 


poe MES ee es eS a | 


Parameter input 
Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Least command increment on the linear axis 
0: In mm (metric system machine) 
1: In inches (inch system machine) 


#7 #6 #5 #4 #3 #2 #1 #0 
pic | | kK | ar TT ax 
Parameter input 
Bit path 


Number of axes controlled simultaneously in jog feed, manual rapid 
traverse and manual reference position return 

0: 1 axis 

1: 3 axes 


When no reference position is set, the G28 command causes: 

0: Reference position return using deceleration dogs (as during 
manual reference position return) to be executed. 

1: Alarm (PS0304) "G28 was specified when no reference position 
is set" to be displayed. 


NOTE 
When reference position return without dogs is 
specified, (when bit 1 (DLZ) of parameter No.1002 is 


set to 1) the G28 command specified before a 
reference position is set causes an alarm PS0304 to 
be issued, regardless of the setting of AZR. 





When LRP, bit 1 of parameter No.1401, is set to 0, namely, when 

positioning is performed using non-linear type positioning, if an 

interlock is applied to the machine along one of axes in positioning, 

0: The machine stops moving along the axis for which the interlock 
is applied and continues to move along the other axes. 

1: The machine stops moving along all the axes. 


When the reference position is set without dogs, automatic setting of 
the IDGx parameter (bit 0 of parameter No.1012) to prevent the 
reference position from being set again is: 

0: Not performed. 

1: Performed. 
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NOTE 


When this parameter is set to 0, bit 0 (IDGx) of 
parameter No. 1012 is invalid. 





#7 #6 #5 #4 #3 #2 #1 #0 
PES a (a | |e pe a 
[Input type] Parameter input 
[Data type] Bit path 


#7 IPR When a number with no decimal point is specified, the least input 
increment of each axis is: 
0: Not 10 times greater than the least command increment 
1: 10 times greater than the least command increment 
When the increment system is IS-A, and bit 0 (DPI) of parameter No. 
3401 is set to 1 (fixed-point format), the least input increment cannot 
be 10 times greater than the least command increment. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee 
[Input type] Parameter input 
[Data type] Bit axis 


#0 ZRNx If a move command other than G28 is specified by automatic 
operation when no reference position return is performed yet after the 
power is turned on: 

0: The alarm (PS0224) "PERFORM REFERENCE POSITION 
RETURN." is issued. 
1: Operation is performed without issuing an alarm. 


NOTE 
The state in which a reference position has not been 
established refers to the following state: 
- When an absolute position detector is not used 
and reference position return has not been 
performed even once after power-up 


When an absolute position detector is used and 
the association of the machine position with the 
position detected with the absolute position 
detector has not been completed (See the 
description of bit 4 (APZx) of parameter No. 
1815.) 





#4 EDPx In cutting feed, an external deceleration signal in the + direction for 
each axis is: 
0: Invalid 
1: Valid 
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#5 EDMx In cutting feed, an external deceleration signal in the - direction for 
each axis is: 
0: Invalid 
1: Valid 


#7 #6 #5 #4 #3 #2 #1 #0 
P| em P| tv || Rox | ROTx | 
[Input type] Parameter input 
[Data type] Bit axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





ROTx, ROSx Setting linear or rotation axis. 


Meaning 

Linear axis 

(1) Inch/metric conversion is done. 

(2) All coordinate values are linear axis type. (Is not rounded in 0 to 360°) 

(3) Stored pitch error compensation is linear axis type (Refer to parameter No.3624) 

Rotation axis (A type) 

(1) Inch/metric conversion is not done. 

(2) Machine coordinate values are rounded in 0 to 360_. Absolute coordinate values are rounded or not 
rounded by parameter No.1008#0(ROAx) and #2(RRLx). 

(3) Stored pitch error compensation is the rotation type. (Refer to parameter No.3624) 

(4) Automatic reference position return (G28, G30) is done in the reference position return direction and the 
move amount does not exceed one rotation. 

Rotation axis (B type) 

(1) Inch/metric conversion, absolute coordinate values and relative coordinate values are not done. 
Machine coordinate values, absolute coordinate values and relative coordinate values are linear axis 
type. (Is not rounded in 0 to 360°). 

(3) Stored pitch error compensation is linear axis type (Refer to parameter No.3624) 

(4) Cannot be used with the rotation axis roll over function and the index table indexing function (M series) 


Except for the above. | Setting is invalid (unused) 




















#3 DIAx The move command for each axis is based on: 
0: Radius specification 
1: Diameter specification 


#5 ZMIx The direction of manual reference position return is: 
0: + direction 
1:  - direction 
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#7 #6 #5 #4 #3 #2 #1 #0 
ae ee ee ee a 
[Input type] Parameter input 
[Data type] Bit axis 


#3 RAAx — Rotary axis control is: 
0: Not exercised. 
1: Exercised. 
When an absolute command is specified, the rotary axis control 
function determines the direction of rotation from the sign of the 
command value and determines an end coordinate from the absolute 
value of the command value. 


NOTE 
RAA is valid when bit 0 (ROA) of parameter No. 1008 
is set to 1 and bit 1 (RAB) of parameter No. 1008 is 


set to 0. 
To use this function, the option for rotary axis control 
is required. 





#5 G90x_ A command for a rotary controlled axis is: 
0: Regarded as an absolute/incremental command according to the 
G90/G91 mode setting. 
1: Regarded as an absolute command at all times. 


#7 


#6 #5 #4 #3 #2 #1 #0 
es 


[Input type] Parameter input 
[Data type] Bit axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#0 ROAx _ The roll-over function of a rotation axis is 
0: Invalid 
1: Valid 


NOTE 
ROAx specifies the function only for a rotation axis 


(for which ROTx, #0 of parameter No.1006, is set to 
1) 





#1 RABx _ In the absolute commands, the axis rotates in the direction 
0: In which the distance to the target is shorter. 
1: Specified by the sign of command value. 
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NOTE 
RABx is valid only when ROAx is 1. 


#2 RRLx Relative coordinates are 
0: Not rounded by the amount of the shift per one rotation 
1: Rounded by the amount of the shift per one rotation 


NOTE 
1 RRLx is valid only when ROAx is 1. 


2 Assign the amount of the shift per one rotation in 
parameter No.1260. 





#7 #6 #5 #4 #3 #2 #1 #0 
pT TT te | tx | scx | tsax_| 
[Input type] Parameter input 


[Data type] Bit axis 


NOTE 
When this parameter is set, the power must be 
turned off before operation is continued. 





# 0 ISA 
#1 ISC 
# 2 ISD 
#3 ISE Increment system of each axis 


Increment system #3 ISE 


























#7 #6 #5 #4 #3 #2 #1 #0 
ae ee ee 
[Input type] Parameter input 


[Data type] Bit path 


#7 DWT When time for dwell per second is specified by P, the increment 
system: 
0: Depends on the increment system 
1: Does not depend on the increment system (1 ms) 


- 1355 - 


A.PARAMETERS 


APPENDIX B-63944EN/02 


Program axis name for each axis 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Byte axis 

67,85 to 90 

An axis name (axis name |: parameter No. 1020) can be arbitrarily 
selected from 'A', 'B', 'C', "U', "V', "W', 'X', 'Y', and 'Z'.. (When G code 
system A is used with the lathe system, however, 'U', 'V', and 'W' are 
not selectable.) When bit 0 (EEA) of parameter No. 1000 is set to 1, 
the length of an axis name can be extended to three characters by 
setting axis name 2 (parameter No. 1025) and axis name 3 (parameter 
No. 1026) (extended axis name). 

For axis names 2 and 3, a character from '0' to '9' and 'A' to 'Z' of 
ASCII code can be arbitrarily selected. However, the setting of axis 
name 3 for each axis is invalid if axis name 2 is not set. Moreover, if 
a character from '0' to '9' is set as axis name 2, do not use a character 
from 'A' to 'Z' as axis name 3. 


(Tip) ASCII code 


| Axisname | x | y | z | A | B [| c | u | v | w 
|__ Setting _| 





| ss | go | 90 | 65 | 66 | 67 | 85 | 86 | 87 | 


When G code system A is used with the lathe system, and the 
character 'X','Y','Z', or 'C' is used as axis name 1 of an axis, a 
command with 'U','V',"W', or 'H' specified for axis name 1 represents 
an incremental command for the axis. 


NOTE 

1 When a multiple repetitive canned cycle for turning 
is used, no character other than 'X',"Y', and 'Z' can 
be used as the address of the axis. 

2 When the custom macro function is enabled, the 


same extended axis name as a reserved word 
cannot be used. Such an extended axis name is 
regarded as a reserved word. 

In a macro call, no extended axis name can be 
used as an argument. 
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Setting of each axis in the basic coordinate system 


B-63944EN/02 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Byte axis 

0 to 7 

To determine a plane for circular interpolation, cutter compensation, 
and so forth (G17: Xp-Yp plane, G18: Zp-Xp plane, G19: Yp-Zp 
plane) and a three-dimensional tool compensation space (XpYpZp), 
specify which of the basic three axes (X, Y, and Z) is used for each 
control axis, or a parallel axis of which basic axis is used for each 
control axis. 

A basic axis (X, Y, or Z) can be specified only for one control axis. 
Two or more control axes can be set as parallel axes for the same basic 


Rotation axis (Neither the basic three axes nor a parallel axis ) 
X axis of the basic three axes 
Y axis of the basic three axes 











Z axis of the basic three axes 
Axis parallel to the X axis 
Axis parallel to the Y axis 
Axis parallel to the Z axis 














In general, the increment system and diameter/radius specification of 
an axis set as a parallel axis are to be set in the same way as for the 
basic three axes. 
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Number of the servo axis for each axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Byte axis 
[Valid data range] 0 to Number of controlled axes 

Set the servo axis for each control axis. 

Usually set to same number as the control axis number. 

The control axis number is the order number that is used for setting 

ihe axis-type parameters or axis-type machine signals 
With an axis for which Cs contour control/spindle positioning is 
to be performed, set -(spindle number) as the servo axis number. 
Example) 

When exercising Cs contour control on the fourth controlled axis 
by using the first spindle, set -1. 

* For tandem controlled axes or electronic gear box (EGB) 
controlled axes, two axes need to be specified as one pair. So, 
make a setting as described below. 

Tandem axis: 

For a master axis, set an odd (1, 3, 5, 7, ...) servo axis number. 
For a slave axis to be paired, set a value obtained by adding 1 to 
the value set for the master axis. 

EGB axis: 

For a slave axis, set an odd (1, 3, 5, 7, ...) servo axis number. 
For a dummy axis to be paired, set a value obtained by adding 1 
to the value set for the slave axis. 


Program axis name 2 for each axis 
Program axis name 3 for each axis 


[Input type] Parameter input 
[Data type] Byte axis 
[Valid data range] 48 to 57, 65 to 90 
When axis name extension is enabled (when bit 0 (EEA) of parameter 
No. 1000 is set to 1), the length of an axis name can be extended to a 
maximum of three characters by setting axis name 2 and axis name 3. 


NOTE 


If program axis name 2 is not set, program axis 
name 3 is invalid. 
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[Input type] 


[Data type] 
data range] 


Parameter input 

Byte path 

0 to Number of controlled axes 

The unit of some parameters common to all axes such as those for dry 
run feedrate and single-digit Fl feedrate may vary according to the 
increment system. An increment system can be selected by a 
parameter on an axis-by-axis basis. So, the unit of those parameters 
is to match the increment system of a reference axis. Set which axis 
to use as a reference axis. 


Among the basic three axes, the axis with the finest increment system 
is generally selected as a reference axis. 





[Input type] 


#0 


#2 


[Data type] 


ZPR 


Parameter input 
Bit path 


Automatic setting of a coordinate system when the manual reference 
position return is performed 

0: Not set automatically 

1: Set automatically 


NOTE 
ZPR is valid while a workpiece coordinate system 
function is not provided. If a workpiece coordinate 
system function is provided, making a manual 
reference position return always causes the 
workpiece coordinate system to be established on 
the basis of the workpiece zero point offset 
(parameters No. 1220 to No. 1226), irrespective of 
this parameter setting. 





Local coordinate system when the manual reference position return is 
performed 

0: The local coordinate system is not canceled. 

1: The local coordinate system is canceled. 


NOTE 
ZCL is valid when the workpiece coordinate system 


option is specified. In order to use the local 
coordinate system (G52), the workpiece coordinate 
system option is required. 
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#3 FPC When a floating reference position is set with a soft key, the relative 
position indication is: 
0: Not preset to 0 (The relative position indication remains 
unchanged.) 
1: Preset to 0. 





[Input type] Parameter input 
[Data type] Bit path 


#2 G92 When the CNC has commands G52 to G59 specifying workpiece 
coordinate systems (optional function), if the G command for setting a 
coordinate system (G92 for M series, G50 for T series (or the G92 
command in G command system B or C)) is specified, 

0: |G command is executed and no alarm is issued. 
1: Gcommand is not executed and an alarm (PS0010) is issued. 


Coordinate value of the reference position in the machine coordinate system 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Real axis 
[Unit of data] mm, inch, degree (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] 9 digit of minimum unit of data (refer to standard parameter setting 

table (A) ) 
(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the coordinate values of the reference position in the machine 
coordinate system. 
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Coordinate value of the second reference position in the machine coordinate 
system 
Coordinate value of the third reference position in the machine coordinate 
system 
Coordinate value of the fourth reference position in the machine coordinate 
system 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm, inch, degree (machine unit) 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the coordinate values of the second to fourth reference positions in 
the machine coordinate system. 


Coordinate value of the floating reference position in the machine coordinate 
system 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm, inch, degree (machine unit) 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999,.999) 
Set the coordinate values of the floating reference position in the 
machine coordinate system. 


Coordinate system of the reference position used when automatic 
coordinate system setting is performed 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm, inch, degree (input unit) 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999,.999) 
Set the coordinate system of the reference position on each axis to be 
used for setting a coordinate system automatically. 
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Amount of a shift per one rotation of a rotation axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Real axis 
[Unit of data] Degree 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] 0 or positive 9 digit of minimum unit of data (refer to the standard 

parameter setting table (B) ) 
(When the increment system is IS-B, 0.0 to +999999.999) 
Set the amount of a shift per one rotation of a rotation axis. 
For the rotation axis used for cylindrical interpolation, set the standard 
value. 


#7 #6 #5 #4 #3 #2 #1 #0 
pera] | TT ur 
[Input type] Setting input 
[Data type] Bit path 


#0 OUT _ The area inside or outside of the stored stroke check 2 is set as an 
inhibition area 
0: Inside 
1: Outside 

#1 NAL When the tool enters the inhibition area of stored stroke limit 1: 


0: The overtravel alarm signal is not output. 

1: The overtravel alarm signal is output, and the tool is decelerated 
to a stop. 
If manual operation is in progress at this time, the alarm is not 
output. 


NOTE 
When this parameter is set to 1, the alarm is issued 


if the tool enters stored stroke limit 1 during 
automatic operation. 





#7 BFA When the stored stroke check 1, 2, or 3 alarm is issued, an interference 
alarm is issued with the inter-path interference check function (T 
series), or a chuck/tail stock barrier (T series) alarm is issued: 

0: The tool stops after entering the prohibited area. 
1: | The tool stops before the prohibited area. 


- 1362 - 


B-63944EN/02 APPENDIX A.PARAMETERS 


#7 #6 #5 #4 #3 #2 #1 #0 
a Ee ee es ee ee ee 
[Input type] Setting input 
[Data type] Bit path 


#2 NPC As part of the stroke limit check performed before movement, the 
movement specified in G31 (skip) and G37 (automatic tool length 
measurement) blocks is: 

0: Checked 
1: Not checked 


NOTE 


This parameter is valid only when the option for 
stroke check before movement is selected. 





# 6 OTS When the overtravel alarm is issued: 
0: The overtravel alarm signal is not output to the PMC. 
1: The overtravel alarm signal is output to the PMC. 


Coordinate value | of stored stroke check 1 in the positive direction on each axis 
[1321 | Coordinate value | of stored stroke check 1 in the negative direction on each axis 


[Input type] Parameter input 
[Data type] Real axis 
[Unit of data] mm, inch, degree (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] 9 digit of minimum unit of data (refer to standard parameter setting 

table (A) ) 
(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the coordinate value of stored stroke check 1 on each axis in the + 
or - direction in the machine coordinate system. 


NOTE 
1 Specify diameter values for any axes for which 


diameter programming is specified. 
2 The area outside the area set by parameter No. 
1320 and No. 1321 is a prohibited area. 
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[1322 | Coordinate value | of stored stroke check 2 in the positive direction on each axis 
| 1323_| Coordinate value | of stored stroke check 2 in the negative direction on each axis 


[Input type] Setting input 
[Data type] Real axis 
[Unit of data] mm, inch, degree (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] 9 digit of minimum unit of data (refer to standard parameter setting 

table (A) ) 
(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the coordinate value of stored stroke check 2 on each axis in the + 
or - direction in the machine coordinate system. 


NOTE 
1 Specify diameter values for any axes for which 
diameter programming is specified. 


2 Whether the inside area or outside area is a 
prohibited area is set using bit 0 (OUT) of 
parameter No. 1300. 


Coordinate value | of stored stroke check 3 in the positive direction on each axis 
[1325 | Coordinate value | of stored stroke check 3 in the negative direction on each axis 


[Input type] Setting input 
[Data type] Real axis 
[Unit of data] mm, inch, degree (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] 9 digit of minimum unit of data (refer to standard parameter setting 

table (A) ) 
(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the coordinate value of stored stroke check 3 on each axis in the + 
or - direction in the machine coordinate system. 





NOTE 
1 Specify diameter values for any axes for which 


diameter programming is specified. 
2 The area inside the area set by parameter No. 
1324 and No. 1325 is a prohibited area. 
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Coordinate value Il of stored stroke check 1 in the negative direction on each axis 
1327 Coordinate value Il of stored stroke check 1 in the negative direction on each axis 


[Input type] 


[Data type] 


[Unit of data] 
[Minimum unit of data] 


[Valid 


#0 


#1 


#4 


data range] 


Parameter input 

Real axis 

mm, inch, degree (machine unit) 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the coordinate value of stored stroke check 1 on each axis in the + 
or - direction in the machine coordinate system. 

When the stored stroke check switch signal EXLM is set to 1, or the 
stored stroke check switch signal for each axis direction +EXLx is set 
to 1, parameter No. 1326 and No. 1327 are used for stroke check 
instead of parameter No.1320 and No. 1321. 


NOTE 
Specify diameter values for any axes for which 
diameter programming is specified. 
The area outside the area set by parameter No. 


1326 and No. 1327 is a prohibited area. 

The EXLM signal is valid only when bit 2 (LMS) of 
parameter No. 1300 is set to 1. 

The +EXLx signal is valid only when bit 0 (DLM) of 
parameter No. 1301 is set to 1. 





#7 


#6 #5 #4 #3 #2 #1 #0 
fie ede ollie aE S/T SS MERE “RE 


[Input type] 


[Data type] 


RPD 


LRP 


Parameter input 
Bit path 


Manual rapid traverse during the period from power-on time to the 
completion of the reference position return. 

0: Disabled (Jog feed is performed.) 

1: Enabled 


Positioning (G00) 

0: Positioning is performed with non-linear type positioning so that 
the tool moves along each axis independently at rapid traverse. 

1: Positioning is performed with linear interpolation so that the tool 
moves in a straight line. 

When using three-dimensional coordinate conversion, set this 

parameter to 1. 


When cutting feedrate override is 0% during rapid traverse, 


0: The machine tool does not stop moving. 
1: The machine tool stops moving. 


- 1365 - 


A.PARAMETERS 


APPENDIX B-63944EN/02 


#7 #6 #5 #4 #3 #2 #1 #0 
ae (ean eg ea (a a 


[Input type] 
[Data type] 


#0 NPC 


#4 JRV 


[Input type] 
[Data type] 


#5 HTG 


Parameter input 
Bit path 


Feed per revolution without the position coder (function for 
converting feed per revolution F to feed per minute F in the feed per 
revolution mode (G95)) is: 

0: Not used 

1: Used 


Jog feed or incremental feed is 
0: Performed at feed per minute. 
1: Performed at feed per rotation. 


NOTE 

1 Specify a feedrate in parameter No.1423. 

2 For the machining center system, the option for 
threading/synchronous feed is required. 





Parameter input 
Bit path 


The  feedrate for helical interpolation/helical _—_involute 

interpolation/three-dimensional circular interpolation is: 

0: Specified using the feedrate along the tangent to an arc/involute 
curve/three-dimensional arc 

1: Specified using the feedrate along axes including a linear axis 
(specified axes other than the circular interpolation axis in the 
case of three-dimensional circular interpolation) 


- 1366 - 


B-63944EN/02 APPENDIX A.PARAMETERS 





[Input type] Parameter input 
[Data type] Bit path 


#2 FM3 The increment system of an F command without a decimal point in 
feed per minute is: 
0: 1 mm/min (0.01 inch/min for inch input) 
1: 0.001 mm/min (0.00001 inch/min for inch input) 





[Input type] Parameter input 
[Data type] Bit path 


#1 FR3 The increment system of an F command without a decimal point in 
feed per revolution is: 
0: 0.01 mm/rev (0.0001 inch/rev for inch input) 
1: 0.001 mm/rev (0.00001 inch/rev for inch input) 


[Input type] Parameter input 
[Data type] Real path 
[Unit of data] © mm/min, inch/min, degree/min (machine unit) 
[Minimum unit of data] Depend on the increment system of the reference axis 
[Valid data range] Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 
Set the dry run rate at the 100% position on the jog feedrate 
specification dial. The unit of data depends on the increment system of 
the reference axis. 


Rapid traverse rate for each axis 


[Input type] Parameter input 
[Data type] Real axis 
[Unit of data] © mm/min, inch/min, degree/min (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 
Set the rapid traverse rate when the rapid traverse override is 100% for 
each axis. 
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FO rate of rapid traverse override for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 
Set the FO rate of the rapid traverse override for each axis. 


Feedrate in manual continuous feed (jog feed) for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

(1) When JRV, bit 4 of parameter No.1402, is set to 0 (feed per 
minute), specify a jog feedrate (feed per minute) under an 
override of 100%. 

(2) When JRV, bit 4 of parameter No.1402, is set to 1 (feed per 
revolution), specify a jog feedrate (feed per revolution) under an 
override of 100%. 


NOTE 


This parameter is clamped to the axis-by-axis 
manual rapid traverse rate (parameter No. 1424). 





Manual rapid traverse rate for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

Set the rate of manual rapid traverse when the rapid traverse override 
is 100% for each axis. 


NOTE 

1 If Ois set, the rate set in parameter 1420 (rapid 
traverse rate for each axis) is assumed. 

2 When manual rapid traverse is selected (bit O (RPD) 


of parameter No. 1401 is set to 1), manual feed is 
performed at the feedrate set in this parameter, 
regardless of the setting of bit 4 (JRV) of parameter 
No. 1402. 
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FL rate of the reference position return for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

Set feedrate (FL rate) after deceleration when the reference position 
return is performed for each axis. 


1427 External deceleration rate of rapid traverse for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

Set the external deceleration rate of rapid traverse for each axis. 


Reference position return feedrate for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 
Refer to the standard parameter setting table (C) 
(When the increment system is IS-B, 0.0 to +240000.0) 


This parameter sets a rapid traverse rate for reference position return 
operation using deceleration dogs, or for reference position return 
operation before a reference position is set. 

This parameter is also used to set a feedrate for the rapid traverse 
command (G00) in automatic operation before a reference position is 
set. 
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NOTE 
To this feedrate setting (100%), a rapid traverse 
override (FO, 25, 50, or 100%) is applicable. 
For automatic return after completion of reference 
position return and machine coordinate system 
establishment, the normal rapid traverse rate is used. 
As a manual rapid traverse rate before machine 
coordinate system establishment by reference 
position return, the jog feedrate or manual rapid 
traverse rate can be selected with bit 0 (RPD) of 


parameter No. 1401. 
Before coordinate 
system 
establishment 





After coordinate 
system 
establishment 





Automatic reference 


position return (G28) 


No.1428 


No.1420 





Automatic rapid 
traverse (GOO) 


No.1428 


No.1420 





Manual reference 


No.1428 


No.1428 *3 


position return *1 
Manual rapid No.1423 *2 
traverse 
When parameter No. 1428 is set to 0, the following 
parameter-set feedrates are applied. 
Before coordinate 
system 
establishment 





No.1424 








After coordinate 
system 
establishment 





Automatic reference 
position return (G28) 
Automatic rapid 
traverse (GOO) 
Manual reference 
position return *1 
Manual rapid 
traverse 


1420: rapid traverse rate 

1423: Jog feedrate 

1424: Manual rapid traverse rate 

*1 : By using bit 2 (JZR) of parameter No. 1401, the 
jog feedrate can be used for manual reference 
position return at all times. 

When bit 0 (RPD) of parameter No. 14071 is set to 
1, the setting of parameter No. 1424 is used. 
When rapid traverse is used for reference position 
return without dogs or manual reference position 
return after reference position establishment, 
regardless of the deceleration dog, the feedrate 
for manual reference position return based on 
these functions is used (the setting of bit 1 (DLF) 
of parameter No. 1404 is followed). 


No.1420 No.1420 





No.1420 No.1420 





No.1424 No.1424 *3 











No.1423 *2 No.1424 











+2. 


ss jas 
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Maximum cutting feedrate for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 
Refer to the standard parameter setting table (C) 
(When the increment system is IS-B, 0.0 to +240000.0) 
Specify the maximum cutting feedrate for each axis. 


aes Maximum cutting feedrate for all axes in the acceleration/deceleration before 
interpolation 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

Set a maximum cutting feedrate for each axis in_ the 
acceleration/deceleration before interpolation mode such as AI 
contour control. When the  acceleration/deceleration before 
interpolation mode is not set, the maximum cutting feedrate set in 
parameter No. 1430 is used. 


Maximum manual handle feedrate for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 
Refer to the standard parameter setting table (C) 
(When the increment system is IS-B, 0.0 to +240000.0) 
Set a maximum manual handle feedrate for each axis. 


External deceleration rate setting 2 for each axis in rapid traverse 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

Set external deceleration rate 2 for each axis in rapid traverse. 
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External deceleration rate setting 3 for each axis in rapid traverse 


[Input type] Parameter input 
[Data type] Real axis 
[Unit of data] mm/min, inch/min, degree/min (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] Refer to the standard parameter setting table (C) 
(When the increment system is IS-B, 0.0 to +240000.0) 
Set external deceleration rate 3 for each axis in rapid traverse. 


Change in feedrate per graduation for the manual pulse generator during 
one-digit F code feed 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 1 to 127 

Set the constant that determines the change in feedrate as the manual 
pulse generator is rotated one graduation during one-digit F code feed. 
AF=Fmaxi/100n (where, i=1 or 2) 
In the above equation, n is, the number of revolutions of the manual 
pulse generator, required to reach feedrate Fmaxi. Fmaxi refers to 
the upper limit of the feedrate for an one-digit F code feed command, 
and set it in parameter Nos. 1460 or 1461. 
Fmax1: Upper limit of the feedrate for F1 to F4 (parameter No. 1460) 
Fmax2: Upper limit of the feedrate for F5 to F9 (parameter No. 1461) 


Feedrate for F1 


to 


Fs | Feedrate for F9 


[Input type] Setting input 
[Data type] Real path 
[Unit of data] mm/min, inch/min, degree/min (machine unit) 
[Minimum unit of data] Depend on the increment system of the reference axis 
[Valid data range] Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 - +240000.0) 
Set Feedrates for one-digit F code feed commands F1 to F9. 
When an one-digit F code feed command is executed, as the feedrate 
is changed by turning the manual pulse generator, these parameter 
values also change accordingly. 
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Upper feedrate limit for F1 to F4 


| r | a 
Upper feedrate limit for F5 to F9 


[Input type] Parameter input 
[Data type] Real path 
[Unit of data] © mm/min, inch/min, degree/min(machine unit) 
[Minimum unit of data] Depend on the increment system of the reference axis 
[Valid data range] Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 - +240000.0) 
Set the upper limit of feedrate for the one-digit F code feed command. 
As the feedrate increases by turning the manual pulse generator, the 
feedrate is clamped when it reaches the upper limit set. If an one-digit 
F code feed command F1 to F4 is executed, the upper limit is that set 
in parameter 1460. If an one-digit F code feed command F5 to F9 is 
executed, the upper limit is that set in parameter 1461. 


#7 #6 #5 #4 #3 #2 #1 #0 
ee ee 
[Input type] Parameter input 
[Data type] Bit path 


#5 NCI An in-position check: 


0: 


Confirms that the specified feedrate becomes 0 (the 
acceleration/deceleration delay becomes 0) at deceleration time 
and that the machine position has reached a specified position 
(the servo positional deviation is within the in-position width set 
by parameter No. 1827). 

Confirms only that the specified feedrate becomes 0 (the 
acceleration/deceleration delay becomes 0) at deceleration time. 


#7 #6 #5 #4 #3 #2 #1 #0 
aa (eS aa (a | | a Ee 
[Input type] Parameter input 
[Data type] Bit path 


#0 SHP When automatic operation is started, the state equivalent to the 
specification of G5.1Q1 for AI contour control is: 
0: Not set 
1: Set 


Upon reset, the state where G5.1Q1 is specified is set. 
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#7 #6 #5 #4 #3 #2 #1 #0 
fae a St a 
[Input type] Parameter input 
[Data type] Bit axis 


#0 MNJx In manual handle interrupt or automatic manual simultaneous 
operation (interrupt type): 
0: Only cutting feed acceleration/deceleration is enabled, and jog 
feed acceleration/deceleration is disabled. 
1: Both cutting feed acceleration/deceleration and jog feed 
acceleration/deceleration are applied. 


#7 #6 #5 #4 #3 #2 #1 #0 
ere Te] 
[Input type] Parameter input 
[Data type] Bit axis 


#0 CTLx  Acceleration/deceleration in cutting feed or dry run 
0: Exponential acceleration/deceleration is applied. 
1: Linear acceleration/deceleration after interpolation is applied. 


#1 CTBx  Acceleration/deceleration in cutting feed or dry run 
0: Exponential acceleration/deceleration or linear acceleration/ 
deceleration is applied. 
(depending on the setting in CTLx, bit 0 of parameter No.1610) 
1: Bell-shaped acceleration/deceleration is applied. 


Time constant T or T1 used for linear acceleration/deceleration or 
bell-shaped acceleration/deceleration in rapid traverse for each axis 
[Input type] Parameter input 
[Data type] Word axis 
[Unit of data] msec 
[Valid data range] 0 to 4000 

Specify a time constant used for acceleration/deceleration in rapid 
traverse. 
[Example] 
For linear acceleration/deceleration 










Speed 
ra Rapid traverse rate 


(Parameter No. 1420) 





k——_!__,| |}«~—_1 _, Time 


T : Setting of parameter No. 1620 
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For bell-shaped acceleration/deceleration 










Speed ” Rapid traverse 


(Parameter No. 1420) 





T, : Setting of parameter No. 1620 
T, : Setting of parameter No. 1621 (However, T; = T2 must be 


satisfied.) 
Total acceleration (deceleration) time : T; + T2 
Time for linear portion >T,- To 
Time for curve portion >T)x 2 


Time constant of acceleration/deceleration in cutting feed for each axis 


[Input type] Parameter input 
[Data type] Word axis 
[Unit of data] msec 
[Valid data range] 0 to 4000 

Set the time constant used for exponential acceleration/deceleration in 
cutting feed, bell-shaped acceleration/deceleration after interpolation 
or linear acceleration/deceleration after interpolation in cutting feed 
for each axis. Except for special applications, the same time constant 
must be set for all axes in this parameter. If the time constants set for 
the axes differ from each other, proper straight lines and arcs cannot 
be obtained. 


Time constant of acceleration/deceleration in jog feed for each axis. 


[Input type] Parameter input 
[Data type] Word axis 
[Unit of data] msec 
[Valid data range] 0 to 4000 
Set the time constant used for acceleration/deceleration in jog feed 
for each axis. 
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Maximum allowable acceleration rate in acceleration/deceleration before 
interpolation for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


1671 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0.) 

Set a maximum allowable acceleration rate in acceleration/ 
deceleration before interpolation for each axis. 

If a value greater than 100000.0 is set, the value is clamped to 
100000.0. 

If 0 is set, the specification of 100000.0 is assumed. If 0 is set for all 
axes, however, acceleration/deceleration before interpolation is not 
performed. 


If a maximum allowable acceleration rate set for one axis is greater 
than a maximum allowable acceleration rate set for another axis by a 
factor or 2 or more, the feedrate at a corner where the direction of 
travel abruptly changes can decrease temporarily. 


Maximum allowable acceleration rate in acceleration/deceleration before 


interpolation for linear rapid traverse for each axis, or maximum allowable 





reference acceleration rate in optimum torque acceleration/deceleration 


Parameter input 
Real axis 
mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 
Depend on the increment system of the applied axis 
Refer to the standard parameter setting table (D) 
(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0.) 
(1) Set a maximum allowable acceleration rate in acceleration/ 
deceleration before interpolation for linear rapid traverse. 
If a value greater than 100000.0, the value is clamped to 
100000.0. 
If 0 is set, the specification of the following is assumed: 
1000.0 mm/sec/sec 
100.0 inch/sec/sec 
100.0 degrees/sec/sec 
If 0 is specified for all axes, however, acceleration/deceleration 
before interpolation is not performed. 
(2) Maximum allowable reference acceleration rate in optimum 
torque acceleration/deceleration 
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1672 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


APPENDIX A.PARAMETERS 


Acceleration change time of bell-shaped acceleration/deceleration before 


interpolation for linear rapid traverse, or acceleration change time of 


bell-shaped acceleration/deceleration in optimum torque 





acceleration/deceleration 


Parameter input 
2-word path 
msec 

0 to 200 


(1) 


(2) 


Set an acceleration change time of bell-shaped acceleration/ 
deceleration for linear rapid traverse (time for changing from the 
state of constant feedrate (A) to the state of constant 
acceleration/deceleration (C) at the acceleration rate calculated 
from the acceleration rate set in parameter No. 1671: time of (B) 
in the figure below). 

Set an acceleration change time of bell-shaped acceleration/ 
deceleration in optimum torque acceleration/deceleration (time 
for changing from the state of constant feedrate (A) to the state of 
acceleration/deceleration (C) at the acceleration rate calculated 
from optimum torque acceleration/deceleration: time of (B) in 
the figure below). 


Feedrate in tangent direction 





Maximum acceleration rate not exceeding 
maximum allowable acceleration rate set by 

“J parameter No. 1671 for each axis is 
automatically calculated. 








(A) 


Time set by parameter No. 1672 
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1710 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


APPENDIX B-63944EN/02 


Minimum deceleration ratio (MDR) for inner circular cutting feedrate change 





by automatic corner override 


Parameter input 

Byte path 

% 

0 to 100 

Set a minimum deceleration ratio (MDR) for an inner circular cutting 
feedrate change by automatic corner override. 


In the case of circular cutting offset inward, the actual feedrate is 
determined by a specified feedrate (F) as follows: 


Re Rc:Radius of tool center 
Fx— path 
Rp Rp:Programmed radius 


Thus, the feedrate along the programmed path satisfies the specified 
value of F. 











Programmed path 


Ma 





nee ee, e 


Tool center path: 


J] 


However, if Re is too small when compared with Rp, Rc/Rp = 0 
results to stop the tool. So, a minimum deceleration ratio (MDR) is 
set, and the feedrate of the tool is set to Fx(MDR) when Rc/Rp < 
MDR. 






Rc 














Inner determination angle (6p) for inner corner override 


Parameter input 

Real path 

deg 

Depend on the increment system of the reference axis 

2 to 178 

Set an inner determination angle for inner corner override in automatic 
corner overriding. 
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[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

Byte path 

% 

1 to 100 

Set an inner corner override value in automatic corner overriding. 


1713 Start distance (Le) for inner corner override 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Setting input 

Real path 

mm, inch (input unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
Set a start distance for inner corner override in automatic corner 
overriding. 


1714 End distance (Ls) for inner corner override 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Setting input 

Real path 

mm, inch (input unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
Set an end distance for inner corner override in automatic corner 
overriding. 


When 0 < Op, an inner corner is assumed. (Parameter No. 1711 is 
used to set Op.) 

When a corner is determined to be an inner corner, an override is 
applied to the feedrate in the range of Le in the previous block from 
the intersection of the commer and in the range of Ls in the next block 
from the intersection of the corner. 

Distances Le and Ls represent linear distances from the intersection of 
a comer to points on the tool center path. 

Le and Ls are set in parameter No. 1713 and No. 1714. 


Programmed path 


An override is applied to the range from point a to point b. 
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1732 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


1735 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


APPENDIX B-63944EN/02 


Minimum allowable feedrate for the deceleration function based on 


acceleration in circular interpolation 





Parameter input 

Real path 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the reference axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

With the deceleration function based on acceleration in circular 
interpolation, an optimum feedrate is automatically calculated so that 
acceleration produced by changing the move direction in circular 
interpolation does not exceed the maximum allowable acceleration 
rate specified in parameter No. 1735. 

If the radius of an arc is very small, a calculated feedrate may become 
too low. 

In such a case, the feedrate is prevented from decreasing below the 
value specified in this parameter. 


NOTE 
During involute interpolation, the minimum 
allowable feedrate of "clamping of acceleration 
near a basic circle" in involute interpolation 


automatic feedrate control is used. 


Maximum allowable acceleration rate for the deceleration function based on 





acceleration in circular interpolation for each axis 


Parameter input 

Real axis 

mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0.) 

Set a maximum allowable acceleration rate for the deceleration 
function based on acceleration in circular interpolation. 

Feedrate is controlled so that acceleration produced by changing the 
move direction in circular interpolation does not exceed the value 
specified in this parameter. 

For an axis with 0 set in this parameter, the deceleration function 
based on acceleration is disabled. 

If a different value is set in this parameter for each axis, a feedrate is 
determined from the smaller of the acceleration rates specified for the 
two circular axes. 
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NOTE 
During involute interpolation, the minimum 


allowable feedrate of "clamping of acceleration 
near a basic circle" in involute interpolation 
automatic feedrate control is used. 





Was Maximum allowable acceleration rate for the deceleration function based on 
acceleration in Al contour control for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0.) 

Set a maximum allowable acceleration rate produced by changing the 
tool move direction. 

For an axis with 0 set in this parameter, the deceleration function 
based on acceleration is disabled. If 0 is set for all axes, the 
deceleration function based on acceleration is not performed. 

In circular interpolation, however, the deceleration function based on 
feedrate control using acceleration in circular interpolation (parameter 
No. 1735) is enabled. 


sean Minimum allowable feedrate for the deceleration function based on 
acceleration in Al contour control 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the reference axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

With the deceleration function based on acceleration in AI contour 
control, a feedrate most suitable for a desired figure is automatically 
calculated. 

Depending on the figure, however, the calculated feedrate may 
become too low. 

In such a case, the feedrate is prevented from decreasing below the 
value specified in this parameter. 

If overriding using the deceleration function based on cutting load is 
enabled, a feedrate lower than the minimum allowable feedrate may 
be used. 
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1769 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 
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Time constant for acceleration/deceleration after cutting feed interpolation in 





the acceleration/deceleration before interpolation mode 


Parameter input 

Word axis 

msec 

0 to 4000 

In the acceleration/deceleration before interpolation mode as in AI 
contour control, not the ordinary time constant (parameter No. 1622) 
but the value of this parameter is used. 

Be sure to specify the same time constant value for all axes except for 
a special application. If different values are set, correct linear and 
circular figures cannot be obtained. 


Wage Acceleration change time of bell-shaped acceleration/deceleration before 
interpolation 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word path 

msec 

0 to 200 

Set an acceleration change time of bell-shaped acceleration/ 
deceleration before interpolation (time for changing from the state of 
constant feedrate (A) to the state of constant acceleration/deceleration 
(C) at the acceleration rate calculated from the acceleration rate set in 
parameter No. 1660: time of (B) in the figure below). 


Feedrate in tangent direction 
s Optimum inclination is automatically 

_ Calculated from the setting of parameter 
_— No. 1660. 








(A) £8), (C) 48), A) @) 


Time set by parameter No. 1772 
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‘703 Maximum allowable feedrate difference for feedrate determination based on 
corner feedrate difference 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

If a feedrate component change for each axis exceeding the value set 
in this parameter occurs at the joint of blocks, the feedrate 
determination function based on corner feedrate difference finds a 
feedrate not exceeding the set value and performs deceleration by 
using acceleration/deceleration before interpolation. Thus, a shock 
to the machine and machining error at a corner can be reduced. 


aGae Maximum allowable acceleration change rate in feedrate determination 
based on acceleration change for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


1789 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0.) 

Set a maximum allowable acceleration change rate for each axis in 
feedrate control based on acceleration change under control on the rate 
of change of acceleration. 

For an axis with 0 set in this parameter, feedrate control based on 
acceleration change is disabled. 

If 0 is set for all axes, feedrate control based on acceleration change is 
not exercised. 


Maximum allowable acceleration change rate in feedrate determination 





based on acceleration change for each axis (linear interpolation) 


Parameter input 

Real axis 

mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0.) 

Set a maximum allowable acceleration change rate for each axis in 
feedrate control based on acceleration change under control on the rate 
of change of acceleration in successive linear interpolation operations. 
In feedrate control based on acceleration change at a corner between 
linear interpolation operations, the maximum allowable acceleration 
change rate not set in parameter No. 1788 but set in this parameter is 
valid. 
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1790 


[Input type] 


[Data type] 


[Unit of data] 


[Valid 


data range] 


[Input type] 


#1 


#2 


[Data type] 


DC4x 


DC2x 


APPENDIX B-63944EN/02 


For an axis with 0 set in this parameter, the maximum allowable 
acceleration change rate set in parameter No. 1788 is valid. 

Feedrate control based on acceleration change is disabled for an axis 
with 0 set in parameter No. 1788, so that the setting of this parameter 
for such an axis is ignored. 


Ratio of change time of the rate of change of acceleration in smooth 





bell-shaped acceleration/deceleration before interpolation 


Parameter input 

Byte path 

% 

0 to 50 

Set the ratio of the change time of the rate of change of acceleration to 
the change time of acceleration(*1) by percentage (%) in smooth 
bell-shaped acceleration/deceleration before look-ahead interpolation. 
If 0 is set in this parameter or a value not within the valid data range is 
specified in this parameter, smooth bell-shaped acceleration/ 
deceleration before look-ahead interpolation is not performed. 


(*1) 

Parameter No. 1772 for acceleration/deceleration before look-ahead 
interpolation (cutting feed). 

Parameter No. 1672 for acceleration/deceleration before interpolation 
in linear rapid traverse, or for optimum torque acceleration/ 
deceleration. 


#7 #6 #5 #4 #3 #2 #1 #0 
Parameter input 
Bit axis 


When the reference position is established on the linear scale with 

reference marks: 

0: An absolute position is established by detecting three reference 
marks. 

1: An absolute position is established by detecting four reference 
marks. 


Reference position establishment operation for a linear scale with 

reference marks is performed as follows: 

0: The setting of bit | (DC4) of parameter No. 1802 is followed. 

1: An absolute position is established by detecting two 
reference marks. 
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NOTE 

1 When this parameter is set to 1, specify the 
direction of the scale zero point by setting bit 4 
(SCP) of parameter No. 1817. 


2 When a rotary encoder with absolute address 
reference marks is used, this parameter is invalid. 
Even when this parameter is set to 1, the setting of 
bit 1 (DC4) of parameter No. 1802 is followed. 





#7 


#6 #5 #4 #3 #2 #1 #0 
| | pcx | apzx | pore | | optx | 


[Input type] Parameter input 
[Data type] Bit axis 


NOTE 
When this parameter is set, the power must be 
turned off before operation is continued. 





#1 OPTx Position detector 
0: A separate pulse coder is not used. 
1: A separate pulse coder is used. 


NOTE 
Set this parameter to 1 when using a linear scale 
with reference marks or a linear scale with an 
absolute address zero point (full-closed system). 





#3 DCRx Asascale with absolute address reference marks: 
0: A rotary encoder with absolute address reference marks is not 
used. 
1: A rotary encoder with absolute address reference marks is used. 


NOTE 
When using a rotary encoder with absolute address 


reference marks, set also bit 2 (DCLx) of parameter 
No. 1815 to 1. 





#4 APZx Machine position and position on absolute position detector when the 
absolute position detector is used 
0: Not corresponding 
1: Corresponding 
When an absolute position detector is used, after primary adjustment 
is performed or after the absolute position detector is replaced, this 
parameter must be set to 0, power must be turned off and on, then 
manual reference position return must be performed. This completes 
the positional correspondence between the machine position and the 
position on the absolute position detector, and sets this parameter to | 
automatically. 
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#5 APCx Position detector 
0: Other than absolute position detector 
1: Absolute position detector (absolute pulse coder) 


#7 


#6 #5 #4 #3 #2 #1 #0 
Bs 


[Input type] Parameter input 
[Data type] Bit axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#6 TANx = Tandem control 
0: Not used 
1: Used 


NOTE 


Set this parameter to both master axis and slave 
axis. 





#7 


#6 #5 #4 #3 #2 #1 #0 
PTT se | RFR | RFSx | 


[Input type] Parameter input 
[Data type] Bit axis 


#0 RFSx If G28 is specified for an axis for which a reference position is not 
established (ZRF = 0) when a linear scale with an absolute address 
zero point or a linear scale with absolute address reference marks is 
used: 

0: A movement is made to the reference position after reference 
position establishment operation. 

1: No movement is made after reference position 
establishment operation, but the operation is completed. 


NOTE 
This parameter disables movement based on the 


G28 command to a reference position. So, use this 
parameter only in special cases. 





#1 RF2x If G28 is specified for an axis for which a reference position is already 
established (ZRF = 1) when a linear scale with an absolute address 
zero point or a linear scale with absolute address reference marks is 
used: 

0: A movement is made to the reference position. 
1: No movement is made to the intermediate position and 
reference position, but the operation is completed. 
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NOTE 
This parameter disables movement based on the 


G28 command to a reference position. So, use this 
parameter only in special cases. 





#3 SDCx A linear scale with an absolute address zero point is: 
0: Not used. 
1: Used. 


#7 #6 #5 #4 #3 #2 #1 #0 
A a ioe 


[Input type] Parameter input 
[Data type] Bit axis 


#2 DATx When a linear scale with an absolute address zero point or a linear 
scale with absolute address reference marks is used, the automatic 
setting of parameter No. 1883 and No. 1884 at manual reference 
position return time is: 

0: Not performed. 
1: Performed. 


Command multiplier for each axis (CMR) 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Byte axis 
[Valid data range] See below: 
Set a command multiplier indicating the ratio of the least command 
increment to the detection unit for each axis. 
Least command increment = detection unit x command multiplier 


- 1387 - 


A.PARAMETERS 


APPENDIX 


B-63944EN/02 


Relationship between the increment system and the least command 
increment 
(1) T-series 


Least input increment 


Least command 





IS-B 
































increment 
Millimeter | 0.001 mm (diameter specification) | 0.0005 mm 
Millimeter | input 0.001 mm (radius specification) | 0.001 mm 
machine iach input 0.0001 inch (diameter specification) | 0.0005 mm 
0.0001 inch (radius specification) | 0.001 mm 
Millimeter | 0.001 mm (diameter specification) | 0.00005 inch 
Inch input 0.001 mm (radius specification) | 0.0001 inch 
machine inehinpul 0.0001 inch (diameter specification) | 0.00005 inch 
0.0001 inch (radius specification) | 0.0001 inch 
Rotation axis 0.001 deg 0.001 deg 


Millimeter 
machine 


Millimeter 
input 


Least input increment 


0.0001 mm (diameter specification 


Least command 
increment 
0.00005 mm 





0.0001 mm (radius specification 


0.0001 mm 





Inch input 


0.00001 inch (diameter specification 


0.00005 mm 





0.00001 inch 


0.0001 mm 





Inch 
machine 





Millimeter 
input 


Inch input 


0.0001 mm (diameter specification 


0.000005 inch 





0.0001 mm (radius specification 


0.00001 inch 





0.00001 inch (diameter specification 


0.000005 inch 





0.00001 inch (radius specification 


) 
) 
) 
(radius specification) 
) 
) 
) 
) 


0.00001 inch 








Rotation axis 


Millimeter 
machine 


Millimeter 
input 


0.0001 deg 


Least input increment 


0.00001 mm __ (diameter specification 


0.0001 deg 


Least command 
increment 
0.000005 mm 





0.00001 mm (radius specification 


0.00001 mm 





Inch input 


0.000001 inch (diameter specification 


0.000005 mm 





0.000001 inch (radius specification 


0.00001 mm 





Inch 
machine 


Millimeter 
input 


0.00001 mm __ (diameter specification 


0.0000005 inch 





0.00001 mm (radius specification 


0.000001 inch 








Inch input 


0.000001 inch (diameter specification 


0.0000005 inch 





0.000001 inch (radius specification 


) 
) 
) 
) 
) 
) 
) 
) 


0.000001 inch 








Rotation axis 


Millimeter 
machine 


Millimeter 
input 


0.00001 deg 


Least input increment 


0.000001 mm __ (diameter specification 


0.00001 deg 


Least command 
increment 


0.0000005 mm 





0.000001 mm (radius specification 


0.000001 mm 





Inch input 


0.0000001 inch (diameter specification 


0.0000005 mm 





0.0000001 inch (radius specification 


0.000001 mm 





Inch 
machine 


Millimeter 
input 


0.000001 mm __ (diameter specification 


0.00000005 inch 





0.000001 mm (radius specification 


0.0000001 inch 








Inch input 


0.0000001 inch (diameter specification 


0.00000005 inch 





0.0000001 inch (radius specification 


) 
) 
) 
) 
) 
) 
) 
) 


0.0000001 inch 








Rotation axis 





0.000001 deg 
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Command pulse 


least 
command 
increment 
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(2) Mseries 
Increment 
system 


Millimeter 
machine 
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Least input increment and least command increment 





IS-A 


IS-B 


IS-C 


0.0001 


IS-D 


0.00001 


IS-E Unit 


0.000001 





Millimeter 
input 


0.00001 


0.000001 


0.0000001 





Rotation axis 











0.0001 








0.00001 








0.000001 





Setting command multiply (CMR), detection multiply (DMR), and the 
capacity of the reference counter 


DA To 
Converter velocity 
control 


Detection Feedback 
unit pulse 


Position 
detector 


Set CMR and DMR so that the pulse weight of + input (command 
from the CNC) into the error counter matches the pulse weight of 
-input (feedback from the position detector). 

[Least command increment]/CMR=[Detection unit]=[Feedback pulse 
unit]//DMR 

[Least command increment]: Minimum unit of commands issued from 
the CNC to the machine 

[Detection unit]: Minimum unit for machine position detection 


The unit of feedback pulses varies, depending on the type of detector. 
[Feedback pulse unit]=[Amount of travel per rotation of the pulse 
coder]/[Number of pulses per rotation of the pulse coder] 


As the size of the reference counter, specify the grid interval for the 
reference position return in the grid method. 

[Size of the reference counter]=[Grid interval ]/[Detection unit] 

[Grid interval]=[Amount of travel per rotation of the pulse coder] 


The setting of a command multiplier is as follows: 
(1) When command multiplier is 1 to 1/27 
Set value = 1 / command multiplier + 100 
Valid data range : 101 to 127 


(2) When command multiply is 0.5 to 48 


Set value = 2 x command multiplier 
Valid data range : | to 96 
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NOTE 
If a feedrate exceeding the feedrate found by the 
expression below is used, an incorrect travel 
amount may result or a servo alarm may be issued. 


Be sure to use a feedrate not exceeding the 
feedrate found by the following expression: 
Fmax[mm/min] = 196602 x 104 x least command 
increment / CMR 





Reference counter size for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

2-word axis 

Detection unit 

0 to 999999999 

Set a reference counter size. 

As a reference counter size, specify a grid interval for reference 
position return based on the grid method. 

When a value less than 0 is set, the specification of 10000 is assumed. 
When a linear scale with absolute address reference marks is used, set 
the interval of mark 1. 





Positioning deviation limit for each axis in movement 


Parameter input 

2-word axis 

Detection unit 

0 to 99999999 

Set the positioning deviation limit in movement for each axis. 

If the positioning deviation exceeds the positioning deviation limit 
during movement, a servo alarm (SV0411) is generated, and operation 
is stopped immediately (as in emergency stop). 

Generally, set the positioning deviation for rapid traverse plus some 
margin in this parameter. 
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Positioning deviation limit for each axis in the stopped state 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 
2-word axis 
Detection unit 


0 to 99999999 

Set the positioning deviation limit in the stopped state for each axis. 

If, in the stopped state, the positioning deviation exceeds the 
positioning deviation limit set for stopped state, a servo alarm 
(SV0410) is generated, and operation is stopped immediately (as in 
emergency stop). 





Position deviarion limit for each axis in moving during safety check 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Paramete input 

2-word axis 

Detection unit 

0 to 99999999 

Position deviation limit for each axis during moving for safety check 
of Dual Check Safety function is specified. 

If position deviation of a moving axis exceeds position deviation limit 
while Safety Check is carried out (Safety Monitoring Request 
“*VLDVx” =0), a servo alarm (SV0475, SV1071) is generated and 
axes are stopped immediately like emergency stop state.. 

In Dual Check Safety function, positin deviation is always checked by 
CNC and Servo. In case that Safety Check is carried out (Safety 
Monitoring Request “*VLDVx” =0), the servo alarm 
(SV0475,SV1071) is generated when each CPU finds out that the 
deviation exceeds position deviation limit in moving state. 


Position deviation limit of each axis in moving state during other than Dual Check 





Safety monitoring (for Dual Check Safety Function) 


NOTE 


When this parameter is set, the power must be turned 
off before operation is continued. 





Parameter input 

2 word axis 

Detection unit 

0 to 99999999 

Set the positioning deviation limit in moving state for each axis for 
Dual Check Safety function, in case that Safety Check is not carried 
out (Safety Monitoring Request “*VLDVx”=1). 

In case that Safety Check is not carried out (Safety Monitoring 
Request “*VLDVx” =1), servo alarm (SV0475,SV1071) is generated 
and operation is stopped immediately (as in emergency stop), when 
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each CPU finds out that the deviation exceeds position deviation limit 
in moving state. 

If the value of this parameter is “0”, the parameter No.1828 is used for 
the value of deviation limit in moving state. 


In case that Safety Check is carried out (Safety Monitoring Request 
“*VLDVx” =0), the parameter No.1838 is used for the value of 
deviation limit in moving state. 


Backlash compensating value for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

Word axis 

Detection unit 

-9999 to 9999 

Set the backlash compensating value for each axis. 

When the machine moves in a direction opposite to the reference 
position return direction after the power is turned on, the first backlash 
compensation is performed. 


1882 Interval of mark 2 of a linear scale with absolute address reference marks 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

2-word axis 

Detection unit 

0 to 999999999 

Set the interval of mark 2 of a linear scale with absolute address 
reference marks. 


1883 Distance 1 from the scale zero point to reference position 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

2-word axis 

Detection unit 
-999999999 to 999999999 
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1884 Distance 2 from the scale zero point to reference position 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] | 2-word axis 
[Unit of data] Detection unit 
[Valid data range] -999 to 999 
Use this parameter when the distance from the scale zero point to the 
reference position exceeds the setting range specified in parameter No. 
1883. 
Parameter No. 1883 and No. 1884 are used to set the distance from the 
scale zero point to the reference position on a linear scale with 
absolute address reference marks or a linear scale with an absolute 
address zero point. 
Distance from the zero point to the reference position of a linear 
scale 
= No. 1884 x 1,000,000,000 + No. 1883 
The scale zero point represents a point where mark 1 and mark 2 
match. Usually, this point is a virtual point that does not physically 
exist on the scale. (See the figure below.) 
If the reference position is placed in the + direction when viewed from 
the scale zero point, set a positive value. If the reference position is 
placed in the - direction when viewed from the scale zero point, set a 
negative value. 





Reference position 
Zero point of encoder Encoder end 


Y Mark 1. Mark 2 Mark 1 Mark 2 


Mark 1 = mark 2 








PRM.1821 








PRM.1882 











PRM.1884 x 100,000,000 + PRM.1883 
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#7 


#6 #5 #4 #3 #2 #1 #0 
ea Cea | RS | 


[Input type] 
[Data type] 


#0 FMD 


#1 ASE 


Parameter input 
Bit 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





The FSSB setting mode is: 

0: Automatic setting mode. 
(When the relationship between an axis and amplifier is defined 
on the FSSB setting screen, parameter Nos. 1023, 1905, 1936 to 
1939, and 14340 to 14407 (plus parameter Nos. 14408 to 14425 
and 14444 to 14459 if an additional axis board is attached) are 
automatically set. 

1: Manual setting 2 mode. 
(Parameter Nos. 1023, 1905, 1936 to 1939 and 14340 to 14407 
(plus parameter Nos. 14408 to 14425 and 14444 to 14459 if an 
additional axis board is attached) are to be manually set.) 


When automatic setting mode is selected for FSSB setting (when the 
FMD parameter (bit 0 of parameter No.1902) is set to 0), automatic 
setting is: 

0: Not completed. 

1: Completed. 

This bit is automatically set to 1 upon the completion of automatic 
setting. 


#7 


#6 #5 #4 #3 #2 #1 #0 
| pm | pm | | | ms | ews | 


[Input type] 
[Data type] 


#1 PM3 


#2 PM4 


# 6 PM1 


Parameter input 
Bit axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





The third separate detector interface unit is: 


0: Not used. 

1: Used. 

The fourth separate detector interface unit is: 
0: Not used. 

1: Used. 


The first separate detector interface unit is: 
0: Not used. 
1: Used. 
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#7 PM2_— The second separate detector interface unit is: 
0: Not used. 
1: Used. 


NOTE 
When automatic setting mode is selected for FSSB 
setting (when the parameter FMD (No.1902#0) is 
set to 0), this parameter is automatically set when 
input is performed with the FSSB setting screen. 
When manual setting 2 mode is selected for FSSB 


setting (when the parameter FMD (No.1902#0) is 
set to 1), this parameter must be set directly. When 
a separate detector interface unit is used, a 
connector number must be set in the 
corresponding parameter (No.1936, No.1937, 
No.1938, or No.1939). 


NOTE 
When this parameter is set, the power must be 
turned off before operation is continued. 








[Input type] Parameter input 
[Data type] Byte axis 
[Valid datarange] Oto7 
Set the connector numbers corresponding to connectors to be 
connected when the separate detector interface unit set by bit 1, 2, 6, 
or 7 of parameter No. 1905 is used. The values to be set are 
indicated below. 
Within one separate detector interface unit, use connector numbers 
sequentially. _No intermediate number may be omitted. 
Correspondence between connectors and connector numbers 
Connector Connector number 
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Example of setting) 


Separate detector connection destination Parameter setting 


Controlled | Connectors | Connectors | Connectors | Connectors 4 : ; . No.1905 


for 1st unit | for 2nd unit | for 3rd unit | for 4th unit (#7 ,#6,#2,#1) 









































NOTE 
When automatic setting mode is selected for FSSB 
setting (when the parameter FMD (No.1902#0) is set 
to 0), these parameters are automatically set when 
input is performed with the FSSB setting screen. 
When manual setting 2 mode is selected for FSSB 
setting (when the parameter FMD (No.1902#0) is set 
to 1), these parameters must be set directly. 





Parameters No.2000 to 2999 are for digital servo, The following 
parameters are not explained in this manual. Refer to FANUC AC 
SERVO MOTOR ai series PARAMETER MANUAL (B-65270EN) 


#7 


#6 #5 #4 #3 #2 #1 #0 
Te ee ee [Rae (ee Fe ee ee 


[Input type] Parameter input 
[Data type] Bit axis 


#7 XIAx Temporary absolute coordinate setting is: 
0: Not used. 
1: Used. 


NOTE 
1 When temporary absolute coordinate setting is 
used, bit 1 (OPTx) of parameter No. 1815, bit 5 


(APCx) of parameter No. 1815, parameter No. 
1874, and parameter No. 1875 must be set. 

2 The setting of this parameter becomes effective 
after the power is turned off then back on. 
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2031 Torque command difference threshold for torque difference alarm 


[Input type] Parameter input 
[Data type] Word axis 
[Valid data range] 0 to 14564 

If the absolute value of a torque command difference between two 
axes exceeds the value set in this parameter, an alarm is issued. 
Set the same value for the two axes placed under axis synchronous 
control. 
The servo axis number combination of a set of synchronous master 
and slave axes must be such that an odd number is assigned to the 
master axis and the immediately following even number is assigned to 
the slave axis like (1,2) and (3,4). 


Skip signal assignment address 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] | Word path 
[Valid data range] 0 to 727 
Set an X address to which the skip signal (SKIPn) is to be assigned. 


NOTE 
This parameter is valid when bit 2 (XSG) of 
parameter No. 3008 is set to 1. 


Depending on the option configuration of the I/O 
Link, the actually usable X addresses are: 

X0 to X127, X200 to X327, X400 to X527, X600 to 
X727 
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X address to which the deceleration signal for reference position return is 
assigned 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word axis 
[Valid data range] 0 to 727 
Set an address to which the deceleration signal (*DECn) for reference 
position return for each axis is to be assigned. 


NOTE 
This parameter is valid when bit 2 (XSG) of 
parameter No. 3008 is set to 1. 
Depending on the option configuration of the I/O 
Link, the actually usable X addresses are: 
X0 to X127, X200 to X327, X400 to X527, X600 to 
X727 


Address to which the PMC axis control skip signal and the measurement 
position arrival signal are assigned 


NOTE 





When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word path 
[Valid data range] 0 to 727 
Set an X address to which the PMC axis control skip signal ESKIP 
and the measurement position arrival signals (XAE, YAE, and ZAE 
(M series) or XAE and ZAE (T series)) are to be assigned. 


Example 1. When No.3012 is set to 5 and No.3019 is set to 6 
When XSG (bit 2 of parameter No. 3008) is 1, the PMC axis control skip signal, and 
measurement position arrival signal are allocated to X0006 and the skip signal is 
allocated to X0005. 


skip [ies [crs [cra [icra [ siira [skips | SK0Pr I sores 
#7 #6 #5 #4 #3 #2 #1 Suny ipasics 

#7 #6 #5 #4 #3 #2 #1 #0 
[este [aura [anna [wr | omirt [2a [xa8] seren 
a al a4 a rae [Fe ee | (M series) 
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Example 2. When No.3012 is set to 5 and No.3019 is set to 5 
When XSG (bit 2 of parameter No. 3008) is 1, the PMC axis control skip signal, 
measurement position arrival signal, and skip signal are allocated to X0005. 


#7 #6 #5 #4 #3 #2 #1 #0 
ESKIP | -miT2 | +mit2 | -miT1 | +miT1 | ZAE | XAE 
skips | skips | skiP4 | SKIP3 | SKIP2 | SKIP8 | SKIP7 
#7 


(T series) 





This parameter is valid when bit 2 (XSG) of 
parameter No. 3008 is set to 1. 

Depending on the option configuration of the I/O 
Link, the actually usable X addresses are: 

X0 to X127, X200 to X327, X400 to X527, X600 to 
X727 


Address to which an axis signal is assigned 


NOTE 
When this parameter is set, the power must be 
turned off before operation is continued. 








[Input type] Parameter input 
[Data type] Byte axis 
[Valid datarange] 0 to 7, 10 to 17, 20 to 27, ... , 90 to 97 
For each axis of the CNC, set a PMC interface address. 
Set a value according to the tables below. 
Value of parameter No. 3021 (tens digit) 
Setting value Input signal address Output signal address 


G0000 to GO999 FO000 to FO999 
G1000 to G1999 F1000 to F1999 























G9000 to G9999 F9000 to F9999 


Value of parameter No. 3021 (ones digit) 
Input signal address Output signal address 
#0 #0 








#1 #1 

















#7 #7 
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[Example of setting] 
Axis number | No.3021 Signal allocation 





+J1<G0100.0>, -J1<G0102.0>, 
ZP1<F0090.0>. ... 
+J2<G0100.1>, -J2<G0102.1>, 
ZP2<F0090.1>. ... 
+J3<G0100.2>, -J3<G0102.2>, 
ZP3<F0090.2>. ... 
+J4<G1100.0>, -J4<G1102.0>, 
ZP4<F1090.0>. ... 
+J5<G1100.1>, -J5<G1102.1>, 
ZP5<F1090.1>., ... 


0 





1 




















If eight or less axes are used per path, the following signal allocation 
results when 0 is set for all axes: 

Axis | of path 1 = Setting equivalent to 0 

Axis 2 of path | = Setting equivalent to 1 


Axis | of path 2 = Setting equivalent to 10 


NOTE 
Set this parameter when more than eight axes are 
used per path. 
The valid data range varies, depending on the NC 
system type. 


Address to which a spindle signal is assigned 


NOTE 
When this parameter is set, the power must be 
turned off before operation is continued. 








[Input type] Parameter input 
[Data type] Byte spindle 
[Valid datarange] 0to3,10to13,20to23, ... ,90to93 
For each axis of the CNC, set a PMC interface address. 
Set a value according to the tables below. 
Value of parameter No. 3022 (tens digit) 
Setting value Input signal address Output signal address 
G0000toG0999 FOOOOtoF0999 
G1000toG1999 F1000toF 1999 

















G9000toG9999 F9000toF 9999 


Value of parameter No. 3022 (ones digit) 























Setting value Input signal address Output signal address 
Bit position A Bit position A 
Bit position B Bit position B 
Bit position C Bit position C 
Bit position D Bit position D 
(The bit positions A, B, C, and D vary, depending on the type of 


signal.) 
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[Example of setting] 


Spindle No.3022 Signal allocation 
number 





TLMLA<G0070.0>, TLMHA<G0070.1>, 
ALMA<F0045.0>, ... 
TLMLB<G0074.0>, TLMHB<G0074.1>, 





ALMB<F0049.0>, ... 
TLMLA<G1070.0>, TLMHA<G1070.1>, 
ALMA<F1045.0>, ... 
TLMLB<G1074.0>, TLMHB<G1074.1>, 
ALMB<F1049.0>, ... 

















If four or less axes are used per path, the following signal allocation 
results when 0 is set for all axes: 

Axis | of path 1 = Setting equivalent to 0 

Axis 2 of path | = Setting equivalent to | 


Axis | of path 2 = Setting equivalent to 10 


NOTE 
Set this parameter when more than four axes are 


used per path. 
The valid data range varies, depending on the 
system software. 


3030 Allowable number of digits for the M code 
3031 Allowable number of digits for the S code 
3032 Allowable number of digits for the T code 





Parameter input 

Byte path 

1 to8 

Set the allowable numbers of digits for the M, S, and T codes. 
When 0 is set, the allowable number of digits is assumed to be 8. 


Allowable number of digits for the B code (second auxiliary function) 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Byte path 

1 to 8 

Set the allowable number of digits for the second auxiliary function. 
When 0 is set, the allowable number of digits is assumed to be 8. 

To enable a decimal point to be specified, bit 0 (AUP) of parameter 
No. 3450 must be set to 1. In this case, the allowable number of digits 
set in this parameter includes the number of decimal places. 

If a value exceeding the allowable number of digits is specified, the 
alarm (PS0003) is issued. 
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3104 


[Input type] Parameter input 
[Data type] Bit path 





#0 MCN Machine position 
0: Regardless of whether input is made in mm or inches, the 
machine position is displayed in mm for millimeter machines, or 
in inches for inch machines. 
1: When input is made in mm, the machine position is displayed in 
mm, and when input is made in inches, the machine position is 
displayed in inches accordingly. 


#3 PPD Relative position display when a coordinate system is set 
0: Not preset 
1: Preset 


NOTE 
If any of the following is executed when PPD is set 
to 1, the relative position display is preset to the 
same value as the absolute position display: 
(1) Manual reference position return 
(2) Coordinate system setting based on G92 (G50 
for G code system A on the lathe system) 


(3) Workpiece coordinate system presetting based 
on G92.1 (G50.3 for G code system A on the 
lath system) 

(4) When aT code for the lathe system is 
specified, the relative position display is preset 
to the same value as the absolute position 
display. 





#4 DRL Relative position 
0: The actual position displayed takes into account tool length 
offset. 
1: The programmed position displayed does not take into account 
tool length offset. 


#5 DRC When a relative position is displayed: 
0: Values not excluding the amount of travel based on cutter 
compensation and tool nose radius compensation are displayed. 
1: Values excluding the amount of travel based on cutter 
compensation and tool nose radius compensation (programmed 
positions) are displayed. 


- 1402 - 


B-63944EN/02 


# 6 DAL 


APPENDIX A.PARAMETERS 


Absolute position 

0: The actual position displayed takes into account tool length 
offset. 

1: The programmed position displayed does not take into account 

tool length offset. 


#7 DAC When an absolute position is displayed: 


[ait] 


[Input type] 
[Data type] 
#0 SVS 
#1 SPS 
#5 OPM 
# 6 OPS 


[_315_| 


[Input type] 
[Data type] 


#0 NDPx 


0: Values not excluding the amount of travel based on cutter 
compensation and tool nose radius compensation are displayed. 

1: Values excluding the amount of travel based on cutter 
compensation and tool nose radius compensation (programmed 
positions) are displayed. 


#7 #6 #5 #4 #3 #2 #1 #0 
| | ops | opm | |] ss | vs | 
Setting input 
Bit path 


Servo setting screen and servo tuning screen 
0: Not displayed 
1: Displayed 


Spindle tuning screen 
0: Not displayed 
1: Displayed 


Operating monitor display is: 
0: Not provided. 
1: Provided. 


The speedometer on the operating monitor screen displays: 
0: Spindle motor speed. 
1: Spindle speed. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee 
Parameter input 
Bit axis 
The current position is: 


0: Displayed. 
1: Not displayed. 


NOTE 


If using the electric gear box function (EGB), set 1 for 
the dummy axis of EGB to suppress position display. 
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#1 NDAx The current position and the remaining amount of travel in the 
absolute coordinate system and relative coordinate system are: 
0: Displayed. 
1: Not displayed. 





[Input type] Parameter input 
[Data type] Bit path 


#0 DRP For relative coordinate display: 
0: The actual position considering a tool offset (tool movement) is 
displayed. 
1: The programmed position excluding a tool offset (tool 
movement) is displayed. 


#1 DAP For absolute coordinate display: 
0: The actual position considering a tool offset (tool movement) is 
displayed. 
1: The programmed position excluding a tool offset (tool 
movement) is displayed. 


3131 Subscript of axis name 


[Input type] Parameter input 
[Data type] Byte axis 
[Valid data range] 0 to 9, 65 to 90 
In order to distinguish axes under parallel operation, synchronization 
control, and tandem control, specify a subscript for each axis name. 


Setting value Meaning 


Each axis is set as an axis other than a parallel axis, 
0 synchronization control axis, and tandem control 


axis. 
1to9 A set value is used as a subscript. 
65 to 90 A set letter (ASCII code) is used as a subscript. 














Example) When the axis name is X, a subscript is added as 
indicated below. 


Setting value Axis name displayed on a screen such as the 
position display screen 

















If a multi-path system is used, no extended axis name is used within a 
path, and no subscript is set for the axis names, then the path number 
is automatically used as the subscript for the axis names. To disable 
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the display of axis name subscripts, set a blank (32) of ASCII code in 
the parameter for specifying an axis name subscript. 


NOTE 
If an extended axis name is used even for one axis 
within a path, the use of an axis name subscript 
becomes impossible within the path. 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] See the character-code correspondence table. 
Specify a path name with codes. 
Any character string consisting of alphanumeric characters, katakana 
characters, and special characters with a maximum length of seven 
characters can be displayed as a series name. 





NOTE 
1 For characters and codes, see the correspondence 


table in Appendix A. 
2 When 0 is set in parameter No. 3141, 
PATH1(,PATH2...) are displayed as path names. 





#7 #6 #5 #4 #3 #2 #1 #0 
pee NEM = Sf a iJ 
[Input type] Parameter input 
[Data type] Bit path 


#6 NPE With an M02, M30, or M99 block, program registration is assumed to 
be: 
0: Completed 
1: Not completed 
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#4 


#5 
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#7 


#6 #5 #4 #3 #2 #1 #0 
ae ay ea Oe ee ee ee 


[Input type] 


[Data type] 


NE8 


NE9 


Parameter input 
Bit path 


Editing of subprograms with program numbers 8000 to 8999 

0: Not inhibited 

1: Inhibited 

When this parameter is set to 1, the following editing operations are 

disabled: 

(1) Program deletion (Even when deletion of all programs is 
specified, programs with program numbers 8000 to 8999 are not 
deleted.) 

(2) Program output (Even when outputting all programs is specified, 
programs with program numbers 8000 to 8999 are not output.) 

(3) Program number search 

(4) Program editing of registered programs 

(5) Program registration 

(6) Program collation 

(7) Displaying programs 


Editing of subprograms with program numbers 9000 to 9999 

0: Not inhibited 

1: Inhibited 

When this parameter is set to 1, the following editing operations are 

disabled: 

(1) Program deletion (Even when deletion of all programs is 
specified, programs with program numbers 9000 to 9999 are not 
deleted.) 

(2) Program output (Even when outputting all programs is specified, 
programs with program numbers 9000 to 9999 are not output.) 

(3) Program number search 

(4) Program editing of registered programs 

(5) Program registration 

(6) Program collation 

(7) Displaying programs 


#7 


#6 #5 #4 #3 #2 #1 #0 
| mer | wer | wze | | | CT 


[Input type] 


[Data type] 


MZE 


MER 


Parameter input 
Bit path 


After MDI operation is started, program editing during operation is: 
0: Enabled 
1: Disabled 


When the last block of a program has been executed at single block 
operation in the MDI mode, the executed block is: 

0: Not deleted 

1: Deleted 
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NOTE 
When MER is set to 0, the program is deleted if the 


end-of-record mark (%) is read and executed. (The 
mark % is automatically inserted at the end of a 
program.) 





#7 MCL _ Whether a program prepared in the MDI mode is cleared by reset 
0: Not deleted 
1: Deleted 


#7 #6 #5 #4 #3 #2 #1 #0 
aaa FEC a ee (a | ee ee 
[Input type] Parameter input 
[Data type] Bit path 


#6 MKP When M02, M03, or EOR (%) is executed in MDI operation, the 
created MDI program is automatically: 
0: Deleted. 
1: Not deleted. 


NOTE 
If bit 6 (MER) of parameter No. 3203 is set to 1, 


choose whether to automatically delete a created 
program when the last block is executed. 


Program protection (PSW) 





[Input type] Parameter input 
[Data type] 2-word 
[Valid data range] 0 to 99999999 

This parameter sets a password for protecting program Nos. 9000 to 
9999. When a value other than zero is set in this parameter and this 
value differs from the keyword set in parameter No.3211, bit 4 (NE9) 
of parameter No.3202 for protecting program Nos. 9000 to 9999 is 
automatically set to 1. 
This disables the editing of program Nos. 9000 to 9999. Until the 
value set as the password is set as a keyword, NE9 cannot be set to 0 
and the password cannot be modified. 
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NOTE 


1 The state where password + 0 and password # 
keyword is referred to as the locked state. When an 
attempt is made to modify the password by MDI 
input operation in this state, the warning message 
"WRITE PROTECTED?" is displayed to indicate that 


the password cannot be modified. When an 
attempt is made to modify the password with G10 
(programmable parameter input), alarm (PS0231) 
is issued. 

When the value of the password is not 0, the 
parameter screen does not display the password. 
Care must be taken in setting a password. 





[321 | Program protection key (KEY) 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

2-word 

0 to 99999999 

When the value set as the password (set in parameter No.3210) is set 
in this parameter, the locked state is released and the user can now 
modify the password and the value set in bit 4 (NE9) of parameter 
No.3202. 


NOTE 
The value set in this parameter is not displayed. 


When the power is turned off, this parameter is set 
to 0. 





Password (PSW) 


[Input type] 
[Data type] 
[Valid data range] 


Locked parameter 

2-word 

0 to 99999999 

This parameter sets a password (PSW). When a value other than 0 is 
set, a password is set. When a password is set, a blank is displayed in 
this parameter, and the state (locked state) where an operation such as 
program editing is locked is set. When password (PSW) = 0, namely, 
in the normal state, or when password (PSW) = keyword (KEY), 
namely, in the unlock state, this parameter can be set. 
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[3221 | Keyword (KEY) 


[Input type] 
[Data type] 
[Valid data range] 


Locked parameter 

2-word 

0 to 99999999 

When the same value as the password (PSW) is set in this parameter, 
the lock is released (unlock state). The value set in this parameter is 
not displayed. 

The value of this parameter is initialized to 0 automatically when the 
power is turned on. So, if the power is turned off in the unlock state 
then is turned on again, the lock state is automatically set. 


[3222 | Program protection range (minimum value) (PMIN) 
[3223 | Program protection range (maximum value) (PMAX) 


[Input type] 
[Data type] 
[Valid data range] 


Locked parameter 

2-word 

0 to 99999999 

The programs in a range set here can be locked. Set the minimum 
program number and maximum program number of a desired range. 
Set these parameters to satisfy PMAX > PMIN. 

These parameters can be set when password (PSW) = 0, namely, in 
the normal state, or when password (PSW) = keyword (KEY), namely 
in the unlock state. 

Example) 

Parameter No.3222 = 7000 

Parameter No.3223 = 8499 

When the values above are set, the programs from 07000 to 08499 
can be locked. 

When PMIN = 0, the specification of PMIN = 9000 is assumed. 
When PMAX = 0, the specification of PMAX = 9999 is assumed. 
So, when these parameters are set to the defaults, the programs from 
09000 to 09999 are locked. 


NOTE 

1 Parameter No. 3220 to No. 3223 are neither 
punched nor read. 

2 Parameter No. 3220 to No. 3223 are not cleared 
even when a parameter file clear operation is 
performed in the IPL state. 

The values of a password (PSW) and keyword 
(KEY) are not displayed. When password (PSW) = 
0, 0 is displayed in parameter No. 3220 to indicate 
that the normal state is set. 

When a password (PSW) or keyword (KEY) is set, 
[+INPUT] has the same effect as [INPUT]. For 
example, if the input operation "1[+INPUT]" is 
performed when 99 is set in the keyword (KEY) 
parameter, "1" is set. 
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#7 #6 #5 #4 #3 #2 #1 #0 
a 


[Input type] 


[Data type] 


NLC 


Parameter input 
Bit 


Dynamic display language switching is: 

0: Enabled. 

1: Disabled. 

When dynamic display language switching is disabled, the language 
setting screen is not displayed. In this case, change the setting of 
parameter No. 3281 on the parameter screen then turn on the power 
again to switch the display language. 


Display language 


[Input type] 


[Data type] 
data range] 


Parameter input 

Byte 

0 to 14 

Select a display language from the following: 
0 : English 

: Japanese 

: German 

: French 

: Chinese 

: Italian 

: Korean 

: Spanish 

: Dutch 
9 : Danish 

10 : Portuguese 

11: Polish 

12 : Hungarian 

13 : Swedish 

14 : Czech 

If a number not indicated above is set, English is selected. 


OADNABWNe 


#7 


#6 #5 #4 #3 #2 #1 #0 
ae eee eee eee ee eee 


[Input type] 


[Data type] 


MGC 


Parameter input 
Bit path 


When a single block specifies multiple M commands, an M code 
group check is: 

0: Made. 

1: Not made. 
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#4 


#5 
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PGD The G10.9 command (programmable diameter/radius specification 
switching) is: 
0: Disabled. 
1: Enabled. 


NOTE 
1 The option for the dynamic diameter/radius 
switching function is required. 


2 When the G10.9 command is enabled by this 
parameter, signal-based dynamic diameter/radius 
switching is disabled. 





#7 #6 #5 #4 #3 #2 #1 #0 
| csc | csB | aps | mas | | | | 
| | ns | me | | 
Input type] Parameter input 
[Data type] Bit path 


DPI When a decimal point is omitted in an address that can include a 
decimal point 
0: The least input increment is assumed. (Normal decimal point 
input) 
1: The unit of mm, inches, degree, or second is assumed. (Pocket 
calculator type decimal point input) 


MAB __— Switching between the absolute and incremental command modes in 
MDI operation is performed according to: 
0: G90/G91. 
1: Bit 5 (ABS) of parameter No. 3401. 


NOTE 


When G code system A is used with the lathe 
system, this parameter is invalid. 





ABS _ A programmed command in MDI operation is regarded as: 
0: Incremental command. 
1: Absolute command. 


NOTE 
Bit 5 (ABS) of parameter No. 3401 is valid when bit 


4 (MAB) of parameter No. 3401 is set to 1. 
When G code system A is used with the lathe 
system, this parameter is invalid. 
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#6 GSB The Gcode system is set. 


#7 GSC 
csc | esp | Geode 
| oo | G code system A 


eee 


1 G code system B 
yan «| G code system C 


NOTE 
G code system B and G code system C are 


optional functions. When no option is selected, G 
code system A is used, regardless of the setting of 
these parameters. 





#7 #6 #5 #4 #3 #2 #1 #0 
Bea iperieeelaeee 
| os | ar | | | co | ei | ois | cor | 
[Input type] Parameter input 
[Data type] Bit path 


#0 G01 G01 Mode entered when the power is turned on or when the control is 
cleared 
0: G00 mode (positioning) 
1: G01 mode (linear interpolation) 


#1 G18 Plane selected when power is turned on or when the control is cleared 
0: G17 mode (plane XY) 
1: G18 mode (plane ZX) 


#2 G19 Plane selected when power is turned on or when the control is cleared 
0: The setting of bit 1 (G18) of parameter No. 3402 is followed. 
1: G19 mode (plane YZ) 
When this bit is set to 1, set bit 1 (G18) of parameter No. 3402 to 0. 


#3 G91 When the power is turned on or when the control is cleared 
0: G90 mode (absolute command) 
1: G91 mode (incremental command) 


#4 FPM At power-on time or in the cleared state: 
0: G99 or G95 mode (feed per revolution) is set. 
1: G98 or G94 mode (feed per minute) is set. 


#6 CLR _ Reset button on the MDI panel, external reset signal, reset and rewind 
signal, and emergency stop signal 
0: Cause reset state. 
1: Cause clear state. 
For the reset and clear states, refer to Appendix in the User's Manual. 
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#7 G23 When the power is turned on 
0: G22 mode (stored stroke check on) 
1: G23 mode (stored stroke check off) 


#7 #6 #5 #4 #3 #2 #1 #0 
| wap | | Moz | moo | | see || 
[Input type] Parameter input 
[Data type] Bit path 


#2 SBP In an external device subprogram call, the address P format is based 
on: 
0: File number specification 
1: Program number specification 


NOTE 
In memory card operation, the program number 


specification format is used, regardless of the 
setting of this parameter. 





#4 M30 When M30 is specified in a memory operation: 

0: M30 is sent to the machine, and the head of the program is 
automatically searched for. So, when the ready signal FIN is 
returned and a reset or reset and rewind operation is not 
performed, the program is executed, starting from the beginning. 

1: M30 is sent to the machine, but the head of the program is not 
searched for. (The head of the program is searched for by the 
reset and rewind signal.) 


#5 M02 When M02 is specified in memory operation 

0: M02 is sent to the machine, and the head of the program is 
automatically searched for. So, when the end signal FIN is 
returned and a reset or reset and rewind operation is not 
performed, the program is executed, starting from the beginning. 

1: M02 is sent to the machine, but the head of the program is not 
searched for. (The head of the program is searched for by the 
reset and rewind signal.) 


#7 M3B__ The number of M codes that can be specified in one block 


0: One 
1: Up to three 
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3405 


[Input type] 


#0 


#1 


#3 


[Data type] 


AUX 


DWL 


G36 


APPENDIX 


B-63944EN/02 





Parameter input 
Bit path 


When the second auxiliary function is specified in the calculator-type 

decimal point input format or with a decimal point, the multiplication 

factor for a value output (onto the code signal) relative to a specified 

value is such that: 

0: The same multiplication factor is used for both of metric input 
and inch input. 

1: A multiplication factor used for inch input is 10 times greater 
than that used for metric input. 


When the second auxiliary function is specified in the calculator-type 
decimal point input format or with a decimal point, the value output 
onto the code signal is a specified value multiplied by a value 


indicated below. 
Increment system 


IS-A for reference axis 


Parameter 
AUX=0 
100 times 


Parameter 
AUX=1 
100 times 





IS-B for reference axis 


1000 times 


1000 times 





IS-C for reference axis 


10000 times 


10000 times 





IS-D for reference axis 


100000 times 


100000 times 





IS-E for reference axis 


1000000 times 


1000000 times 





IS-A for reference axis 
IS-B for reference axis 


100 times 
1000 times 


1000 times 
10000 times 





IS-C for reference axis 


10000 times 


100000 times 





IS-D for reference axis 


100000 times 


1000000 times 





IS-E for reference axis 





The dwell time (G04) is: 
0: Always dwell per second. 





1000000 times 





10000000 times 





1: Dwell per second in the feed per minute mode (G94), or dwell 


per rotation in the feed per rotation mode (G95). 


As a G code to be used with the automatic tool length measurement 
function (M series)/automatic tool offset function (T series) is: 


0: G36 (T series only)/G37 is used. 
1: G37.1/G37.2/G37.3 is used. 


NOTE 


If it is necessary to perform circular threading 
(counterclockwise), set this parameter to 1. 


- 1414 - 





APPENDIX A.PARAMETERS 


B-63944EN/02 


#4 CCR Addresses used for chamfering 


0: Address is “T’’, “J’’, or “K”. 
In direct drawing dimension programming, addresses ",C", ",R", 
and ",A" (with comma) are used in stead of "C", "R", and "A". 

1: Address is “C”. 
Addresses used for direct drawing dimension programming are 
"C"","R", and "A" without comma. 


NOTE 
If this bit (CCR) is set to 0, the function for changing 
the compensation direction by specifying |, J, or K in 
a G01 block in the cutter compensation/ tool nose 


radius compensation mode cannot be used. 

If this bit (CCR) is set to 1 when address C is used 
as an axis name, the chamfer function cannot be 
used. 





#7 #6 #5 #4 #3 #2 #1 #0 
3406 C07 C06 C05 C04 C03 C02 co1 


#7 #6 #5 #4 #3 #2 #1 #0 


#7 #6 #5 #4 #3 #2 #1 #0 


#7 #6 #5 #4 #3 #2 #1 #0 
[ [eso [ozs [exe [cor [cas [ xs [ co | 


[Input type] 
[Data type] 


C01 to C30 


Parameter input 
Bit 


If bit 6 (CLR) of parameter No. 3402 is set to 1, set a group of G 
codes to be placed in the cleared state when the CNC is reset by the 
reset key of the MDI panel, the external reset signal, the reset & 
rewind signal, or the emergency stop signal. 

The table below indicates the correspondence between bits and G code 
groups 

The setting of a bit has the following meaning: 

0: Places the G code group in the cleared state. 

1: Does not place G code group in the cleared state. 


G code group 

















C01 01 
C02 02 
C03 03 
D30 30 
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Tolerance of arc radius 


[Input type] Setting input 
[Data type] Real path 
[Unit of data] mm, inch (input unit) 
[Minimum unit of data] Depend on the increment system of the reference axis 
[Valid data range] 0 to 999999999 
When a circular interpolation command is executed, the tolerance for 
the radius between the start point and the end point is set. 


M code preventing buffering 1 
M code preventing buffering 2 
M code preventing buffering 10 


[Input type] Parameter input 
[Data type] 2-word path 
[Valid data range] 0 to 999999999 

Set M codes that prevent buffering the following blocks. If 
processing directed by an M code must be performed by the machine 
without buffering the following block, specify the M code. 
M00, M01, M02, and M30 always prevent buffering even when they 
are not specified in these parameters. 


3427 
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[Input type] 
[Data type] 
[Valid data range] 
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Parameter input 

2-word path 

3 to 99999999 

When a specified M code is within the range specified with parameter 
Nos. 3421 and 3422, 3423 and 3424, 3425 and 3426, 3427 and 3428, 
3429 and 3430, or 3431 and 3432, buffering for the next block is not 
performed until the execution of the block is completed. 


NOTE 
Moo, M01, M02, and M30 are M codes that do not 
perform buffering, regardless of parameter setting. 


M98, M99, M codes for calling subprograms, and M 
codes for calling custom macros are M codes that 
performs buffering, regardless of parameter setting. 





[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
2-word path 
0, 100to99999999 
Code numbers 0 to 99 on the M code group setting screen correspond 
to M00 to M99. When adding M codes after the first 100 M codes, 
specify a start M code number in these parameters. Thus, up to 400 M 
codes can be added to the M code group setting screen in groups of 
100 M codes starting with the set value. When 0 is set, no M codes are 
added to the M code group setting screen. 
When setting these parameters, follow the setting condition described 
below. If the condition is not satisfied, no M codes are added to the M 
code group setting screen as in the case where 0 is set. 
(Setting condition) 
The settings of parameters (1) to (4) (excluding the setting of 0) 
must satisfy: 
99 < (1), (1)+99 < (2), (2)+99 < (39, (3) +99 < (4) 
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#7 


#6 #5 #4 #3 #2 #1 #0 
ea aS (aaa [a a Fe 


[Input type] 


[Data type] 


AUP 


BDX 


Parameter input 
Bit path 


The second auxiliary function specified in the calculator-type decimal 
point input format, with a decimal point, or with a negative value is: 
0: Disabled. 
1: Enabled. 
If the second auxiliary function is specified after setting this bit to 0, 
the following operation results: 
1. When a value is specified without a decimal point 
A specified value is output onto the code signal without 
modification, regardless of the setting of the calculator-type 
decimal point input format (with bit 0 (DPI) of parameter No. 
3401). 
2. When a value is specified with a decimal point 
The alarm (PS0007) is issued. 
3. When a negative value is specified 
The alarm (PS0006) is issued. 


When ASCII code is called using the same address as the address for 

the second auxiliary function (specified by parameter No. 3460), this 

parameter prevents the argument unit used when the option for the 
second auxiliary function is selected from differing from the argument 
unit used when the same option is not selected. 

0: When bit 0 (AUP) of parameter No. 3450 is set to 1, the 
argument unit differs, depending on whether the option for the 
second auxiliary function is selected or not. 

1: The same argument unit is used. (The unit applied when the 
option for the second auxiliary function is selected is used.) 

[Example] 

A setting is made so that address B is used to call 09004, and the 
program O1 below is executed with parameter No. 3460 = 66. 


Ol 09004 
B2 #500 = #146 
M30 M99 


When the increment system is IS-B, and metric input is used, 


#500 assumes a value indicated in the table below. 


Bit 0 (DPI) of 
parameter No. 
3401 


Bit 0 (AUP) of 
parameter No. 
3450 


BDX=0 





Without the 
second 
auxiliary 
function option 


With the 

second 

auxiliary 
function option 
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[Input type] Parameter input 
[Data type] Bit path 


#0 GQS_ When threading is specified, the threading start angle shift function 


(Q) is: 
0: Disabled. 
1: Enabled. 


#7 #6 #5 #4 #3 #2 #1 #0 
2 ee ee ee ee ee ee ee 
[Input type] Parameter input 
[Data type] Bit path 


#7 EAP When bit 0 (ADX) of parameter No. 3455 is set to 1, calculator-type 
decimal point input at a macro calling argument address is: 
0: Enabled. 
1: Disabled. 


NOTE 


This parameter is valid when bit 0 (DPI) of 
parameter No. 3401 is set to 0. 





#7 #6 #5 #4 #3 #2 #1 #0 
aes eae a a eae ee es Ps 
[Input type] Parameter input 
[Data type] Bit axis 


#0 AXDx_ = Ifa decimal point is omitted for an axis address with which a decimal 
point can be used, the value is determined: 
0: In accordance with the least input increment. (Normal decimal 
point input) 
1: In millimeters, inches, or seconds. (calculator-type decimal point 
input) 


NOTE 
This parameter specifies the calculator-type 


decimal point input function for each axis. 
For the same axis name, be sure to make the 
same setting. 
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#7 


#6 #5 #4 #3 #2 #1 #0 
ss [wes [we? [ue] 


[Input type] 


[Data type] 


LIB 


MC2 


MC1 


SYS 


SCF 


Parameter input 
Bit path 


NOTE 

1 The parameters LIB, MC2, MC1, and SYS are used 
to set a search folder for the following 
subprogram/macro calls: 
- Subprogram call based on an M code 
- Subprogram call based on a particular address 
- Subprogram call based on a second auxiliary 
function code 
- Macro call based on a G code 


- Macro call based on an M code 
- Macro call based on a T code 


- One-touch macro call 

The parameter SCF is used to set whether to add a 
search folder for the following subprogram/macro 
Calls: 

- Subprogram call based on M98 

- Figure copy based on G72.1/G72.2 

- Macro call based on G65/G66/G66.1 

- Macro interrupt based on M96 





The common program directory "//CNC_MEM/USER/LIBRARY/" of 
the initial directories is: 

0: Set as a search directory. 

1: Not set as a search directory. 


MTB dedicated directory 2 "//CNC_MEM/MTB2/" of the initial 
directories is: 

0: Set as a search directory. 

1: Not set as a search directory. 


MTB dedicated directory 1 "//CNC_MEM/MTBI1/" of the initial 
directories is: 

0: Set as a search directory. 

1: Not set as a search directory. 


The system directory "//CNC MEM/SYSTEM/" of the initial 
directories is: 

0: Set as a search directory. 

1: Not set as a search directory. 


A search folder is: 


0: Not added. 
1: Added. 
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When a search folder is added, a search is made in the following 
order: 

1) Folder where the main program is stored 

2) Common program folder, which is an initial folder 

3) MTB-dedicated folder 2, which is an initial folder 

4) MTB-dedicated folder 1, which is an initial folder 

5) System folder, which is an initial folder 


The folders of 3) through 5) can be excluded from search target 
folders by setting the parameters MC2, MC1, and SYS. 


Second auxiliary function specification address 


[Input type] 
[Data type] 
[Valid data range] 


3471 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 
Byte path 
65t067, 85to87 
Specify which of A, B, C, U, V, and W is to be used as the address for 
specifying the second auxiliary function. If an address used as an 
axis name is specified, the second auxiliary function is disabled. 
| Name | A | B | c [| u | v | wi 
|Settingvalue] 65 | 66 | 67 | 85 | 86 [| 87 | 
Address B is assumed when a value other than the above is set. 
However, the name U, V, or W can be used with the T series only 
when G code system B or C is used. When a value from 85 to 87 is 
specified with G code system A, the specification address for the 
second auxiliary function is B. 


Allowable difference between the specified end position and the end 


position obtained from the increase/decrease and frequency in spiral 





interpolation or conic interpolation 


Parameter input 

Real axis 

mm, inch (input unit) 

Depend on the increment system of the applied axis 

0 to 999999999 

This parameter sets the maximum allowable difference (absolute 
value) between the specified end position and the end position 
obtained from the increase/decrease and frequency in spiral or conic 
interpolation. 
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ae Minimum radius needed to maintain the actual speed in spiral or conic 
interpolation 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

mm, inch (input unit) 

Depend on the increment system of the reference axis 

(For IS-B and millimeter machines, 1.0 to 999999.999; for inch 
machines, 1.0 to 99999.9999) 

If this parameter value is 0 or a value outside the valid data range, the 
minimum value of the range is assumed. 

In spiral interpolation and conic interpolation, the speed is generally 
held constant. In an area near the center, the spiral radius decreases, 
resulting in an extremely high angular velocity. To prevent this, once 
the spiral radius has reached the parameter-set value, the angular 
velocity subsequently remains constant. As a result, the actual speed 
decreases. 


#7 #6 #5 #4 #3 #2 #1 #0 
aay (eae (ae [ae er a es 


[Input type] 
[Data type] 


#0 BDPx 


Parameter input 
Bit axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Both-direction pitch error compensation is: 
0: Not used. 
1: Used. 


Number of the pitch error compensation position for the reference position 
for each axis 


[Input type] 
[Data type] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

Word axis 

0 to 1023 

Set the number of the pitch error compensation position for the 
reference position for each axis. 
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Number of the pitch error compensation position at extremely negative 
position for each axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] | Word axis 
[Valid data range] 0 to 1023 
Set the number of the pitch error compensation position at the 
extremely negative position for each axis. 


Number of the pitch error compensation position at extremely positive 
position for each axis 


NOTE 





When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word axis 
[Valid data range] 0 to 1023 
Set the number of the pitch error compensation position at the 
extremely positive position for each axis. 
This value must be larger than set value of parameter (No.3620). 


Magnification for pitch error compensation for each axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Byte axis 
[Valid data range] 0 to 100 
Set the magnification for pitch error compensation for each axis. 
If the magnification is set to 1, the same unit as the detection unit is 
used for the compensation data. 
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Interval between pitch error compensation positions for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 
Real axis 
mm, inch, degree (machine unit) 
Depend on the increment system of the applied axis 
See the description below. 
The pitch error compensation positions are arranged with equal 
spacing. The space between two adjacent positions is set for each axis. 
The minimum interval between pitch error compensation positions is 
limited and obtained from the following equation: 
Minimum interval between pitch error compensation positions = 
maximum feedrate/7500 
Unit : mm, inch, deg or mm/min, inch/min, deg/min 
Example: 
When the maximum feedrate is 15000 mm/min, the minimum 
interval between pitch error compensation positions is 2 mm. 


Travel distance per revolution in pitch error compensation of rotation axis 





type 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

Real axis 

mm, inch, degree (machine unit) 

Depend on the increment system of the applied axis 

See the description below. 

If the pitch error compensation of rotation axis type is performed (bit 
1 (ROSx) of parameter No. 1006 is set to 0 and bit 0 (ROTx) of 
parameter No. 1006 is set to 1), set the travel distance per revolution. 
The travel distance per revolution does not have to be 360 degrees, 
and a cycle of pitch error compensation of rotation axis type can be 
set. 

However, the travel distance per revolution, compensation interval, 
and number of compensation points must satisfy the following 
condition: 

(Travel distance per revolution) = (Compensation interval) x (Number 
of compensation points) 

The compensation at each compensation point must be set so that the 
total compensation per revolution equals 0. 
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NOTE 


If O is set, the travel distance per revolution becomes 
360 degrees. 


en Number of the both-direction pitch error compensation position at extremely 
negative position (for movement in the negative direction) 


NOTE 
When this parameter is set, the power must be 
turned off before operation is continued. 








[Input type] Parameter input 
[Data type] Word axis 
[Valid datarange] 0 to 1023, 3000 to 4023 
When using both-direction pitch error compensation, set the number 
of compensation point at the farthest end in the negative direction for 
a movement in the negative direction. 


NOTE 

1 For amovement in the positive direction, set the 
compensation point number at the farthest end in the 
negative direction in parameter No. 3621. 

2 Aset of compensation data items for a single axis 
should not be set to lie astride 1023 to 3000. 


Pitch error compensation at reference position when a movement to the 
3627 reference position is made from the direction opposite to the direction of 


reference position return 





NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] | Word axis 
[Unit of data] Detection unit 
[Valid data range] -32768 to 32767 

Set the absolute value of pitch error compensation at reference 
position when a movement to the reference position is made from the 
negative direction if the direction of reference position return (bit 5 
(ZMI) of parameter No. 1006) is positive or from the positive 
direction if the direction of reference position return is negative. 
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#7 #6 #5 #4 #3 #2 #1 #0 
oe al ee Sa tee 
[Input type] Parameter input 
[Data type] Bit path 


#0 CRF Reference position setting at an arbitrary position under Cs contour 
control is: 
0: Not used. 
1: Used. 


NOTE 
When this function is used, an attempt to specify 
G00 for a Cs contour control axis without 
performing a reference position return operation 


even once after switching the serial spindle to the 
Cs contour control mode results in the alarm 
(PS0303) even if bit 1 (NRF) of parameter No. 
3700 is set to 0. Be sure to perform a reference 
position return operation by specifying G28. 





#1 NRF With the first move command (G00) after switching the series spindle 
to Cs contour control mode: 
0: A reference position return operation is once performed then 
positioning is performed. 
1: A normal positioning operation is performed. 


#7 #6 #5 #4 #3 #2 #1 #0 


Cee} Co sd 


[Input type] Parameter input 
[Data type] Bit path 


#1 EMS _ The multi-spindle control function is: 


0: Used. 
1: Not used. 
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#7 #6 #5 #4 #3 #2 #1 #0 
ea aa (A | 
[Input type] Parameter input 
[Data type] Bit spindle 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#0 A/Ss_— Spindle motor type is : 
0: Analog spindle. (Prohibition of use) 
1: Serial spindle. 


NOTE 
When an analog spindle is used, the option for 
spindle analog output is required. 
When a serial spindle is used, the option for 
spindle serial output is required. 
The option for the number of controlled spindles 
needs to be specified. 


3717 Motor number to each spindle 


NOTE 
When this parameter is set, the power must be 








turned off before operation is continued. 


[Input type] Parameter input 
[Data type] Byte spindle 
[Valid data range] 0 to Maximum number of controlled axes 

Set a spindle amplifier number to be assigned to each spindle. 
0: No spindle amplifier is connected. 
1: | Spindle motor connected to amplifier number | is used. 
2: Spindle motor connected to amplifier number 2 is used. 
to 
n: Spindle motor connected to amplifier number n is used. 


- 1427 - 


A.PARAMETERS APPENDIX B-63944EN/02 


3744 Maximum spindle speed for gear 4 


[Input type] Parameter input 
[Data type] 2-word spindle 
[Unit of data] min’! 
[Valid data range] 0 to 99999999 
Set the maximum spindle speed corresponding to each gear. 





Spindle motor speed 


Max. speed (4095, 10V) 


Spindle motor max. clamp speed 
(Parameter No.3736) 


Spindle motor minimum clamp speed 
(Parameter No.3735) 


Spindle speed command 


(S command) 
Gear 1 Gear 3 


Max. speed Max. speed Max. speed 
(Parameter (Parameter (Parameter 
No.3741) No.3742) No.3743) 
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3770 Axis as the calculation reference in constant surface speed control 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Byte path 

0 to Number of controlled axes 

Set the axis as the calculation reference in constant surface speed 
control. 


NOTE 
When 0 is set, constant surface speed control is 


always applied to the X-axis. In this case, 
specifying P in a G96 block has no effect on the 
constant surface speed control. 





3781 P code for selecting the spindle in multi-spindle control 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Word spindle 

0 to 32767 

If bit 3 (MPP) of parameter No. 3703 is set to 1, set the P code to 
select each spindle under multi-spindle control. Specify the P code 
in a block containing the S command. 


Example) 
If the P code value for selecting the second spindle is set to 3, 
$1000 P3; 
causes the second spindle to rotate at S1000. 


NOTE 
This parameter is valid if bit 3 (MPP) of parameter 
No. 3703 is set to 1. 
If this parameter is set to 0, the corresponding 
spindle cannot be selected by a P code. 
Under multipath control, the P code specified here 
is valid for each path. 
For instance, if the P code to select the first spindle 
of path 2 is set to 21, specifying S1000 P21; in 


path 1 causes the first spindle of path 2 to be 
rotated at S1000. 


Identical P code values cannot be used for 
different spindles. (Identical P code values cannot 
be used even if the paths are different.) 

When this parameter is used (when bit 3 (MPP) of 
parameter No. 3703 is set to 1), the spindle 
command selection signal is invalid. 

To use this parameter, the multi-spindle control 
function is needed. 
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Parameters Nos. 4000 to 4799 are basically used with the serial 

spindle amplifier (SPM). For details of these parameters, refer to 

either of the following manuals and other related documents, 

depending on the spindle that is actually connected. 

e FANUC AC SPINDLE MOTOR ai series Parameter Manual 
(B-65280EN) 


#7 #6 #5 #4 #3 #2 #1 #0 
eee een ee ee [ee ee | Eee 


[Input type] Parameter input 
[Datatype] Bit spindle 


#0 FLRs When the spindle speed fluctuation detection function is used, the unit 
of an allowable ratio (q) and fluctuation ratio (r) set by parameter No. 
4911 and No. 4912 is: 
0: 1% 
1: 0.1% 


Allowable speed ratio (q) used to assume that the spindle has reached a 
specified speed 


[Input type] Parameter input 
[Data type] Word spindle 
[Unit of data] 1%, 0.1% 
[Valid data range] 1 to 100, 1 to 1000 
When the spindle speed fluctuation detection function is used, set an 
allowable speed ratio (q) used to assume that the spindle has reached a 
specified speed. 


NOTE 
The unit of data is determined by bit 0 (FLR) of 
parameter No. 4900. 





Spindle variation ratio (r) for not issuing a spindle speed fluctuation 
detection alarm 


[Input type] Parameter input 
[Data type] Word spindle 
[Unit of data] 1%, 0.1% 
[Valid data range] 1 to 100, 1 to 1000 
When the spindle speed fluctuation detection function is used, set a 
spindle fluctuation ratio (r) for not issuing an alarm. 
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NOTE 


The unit of data is determined by bit 0 (FLR) of 
parameter No. 4900. 


9545 Spindle speed fluctuation width (i) for not issuing a spindle speed 
fluctuation detection alarm 





[Input type] Parameter input 
[Data type] 2-word spindle 
[Unit of data] min’! 
[Valid data range] 0 to 99999 
When the spindle speed fluctuation detection function is used, set an 
allowable fluctuation width (1) for not issuing an alarm. 


Time (p) from the change of a specified speed until spindle speed fluctuation 
detection is started 


[Input type] Parameter input 
[Data type] 2-word spindle 
[Unit of data] msec 
[Valid data range] 0 to 99999 

When the spindle speed fluctuation detection function is used, set a 
time (p) from the change of a specified speed until spindle speed 
fluctuation detection is started. In other words, spindle speed 
fluctuation detection is not performed until a set time has elapsed after 
a specified speed is changed. However, when the actual spindle 
speed is assumed to have reached a specified value within a set time 
(p), spindle speed fluctuation detection is started. 


#7 #6 #5 #4 #3 #2 #1 #0 
pT tszs | toms | tre 
[Input type] Parameter input 
[Data type] Bit spindle 


#0 TORs _ Resetting the system in the spindle positioning mode 
0: Does not releases the mode. 
1: Releases the mode 


#1 IDMs_ The direction of spindle positioning (half-fixed angle positioning 
based on M codes) is: 
0: Plus direction. 
1: Minus direction. 


#2 ISZs When an M code for switching to the spindle positioning mode is 
specified for spindle positioning: 
0: The spindle is switched to the spindle positioning mode, and 
spindle orientation operation is performed. 
1: | Only the switching of the spindle to the spindle positioning mode 
is performed. (Spindle orientation operation is not performed.) 


asi 
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4960 M code specifying the spindle orientation 


[Input type] Parameter input 
[Data type] 2-word spindle 
[Valid data range] 6 to 97 
Set an M code for switching to the spindle positioning mode. 


NOTE 
1 Do not set an M code that duplicates other M 
codes used for spindle positioning. 


2 Do not set an M code used with other functions 
(such as MO0-05, 30, 98, and 99, and M codes for 





M code releasing the spindle positioning mode 


[Input type] Parameter input 
[Data type] 2-word spindle 
[Valid data range] 6 to 97 
Set an M code for canceling the spindle positioning mode on the 
spindle positioning axis. 


NOTE 
1 Do not set an M code that duplicates other M 
codes used for spindle positioning. 


2 Donot set an M code used with other functions 
(such as MO0-05, 30, 98, and 99, and M codes for 
calling subprograms). 
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M code for specifying a spindle positioning angle 


[Input type] Parameter input 
[Data type] 2-word spindle 
[Valid data range] 6 to 9999999 

Two methods are available for specifying spindle positioning. One 

method uses axis address for arbitrary-angle positioning. The other 

use an M code for half-fixed angle positioning. This parameter sets an 

M code for the latter method. 

In this parameter, set an M code to be used for half-fixed angle 

positioning based on M codes. 

Six M code from Ma to M(a+5) are used for half-fixed angle 

positioning, when a is the value of this parameter. 

- | When the number of M codes is set in parameter No. 4964, let a 
be the value set in parameter No. 4962, and let B be the value set 
in parameter No. 4964. Then, B M codes from Ma to M(a+f-1) 
are used as M codes for half-fixed angle positioning based on M 
codes. 

The table below indicates the relationship between the M codes and 

positioning angles. 

Example: Positioning 
angle when 6 = 30° 


Positioning angle 
































B represents the number of M codes set in parameter No. 4964. 
(When parameter No. 4964 is set to 0, B = 6.) 
8 represents the basic angular displacement set in parameter No.4963. 


NOTE 
1 Do not set an M code that duplicates other M 
codes used for spindle positioning. 


2 Donot set an M code used with other functions 
(such as MO0-05, 30, 98, and 99, and M codes for 
calling subprograms). 
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[Input type] Parameter input 
[Data type] Real spindle 
[Unit of data] Degree 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] 0 to 60 


[Valid 


This parameter sets a basic angular displacement used for half-fixed 
angle positioning using M codes. 


4964 Number of M codes for specifying a spindle positioning angle 


[Input type] 


[Data type] 
data range] 


[Input type] 


#0 
#1 


[Data type] 


TLC 
TLB 


Parameter input 

2-word spindle 

0 to 255 

This parameter sets the number of M codes used for Half-fixed angle 
positioning using M codes. 

As many M codes as the number specified in this parameter, starting 
with the M code specified in parameter No.4962, are used to specify 
half-fixed angle positioning. 

Let a be the value of parameter No.4962, and let B be the value of 
parameter No.4964. That is, M codes from Ma to M(a+f-1) are used 
for half-fixed angle positioning. 

Setting this parameter to 0 has the same effect as setting 6. That is, M 
code from Ma to M(a+5) are used for half-fixed angle positioning. 


NOTE 


Make sure that M codes from Ma to M (a+f-1) do 
not duplicate other M codes. 

Do not set an M code that duplicates other M 
codes used for spindle positioning. 

Do not set an M code used with other functions 


(such as MO0-05, 30, 98, and 99, and M codes for 
calling subprograms). 





Parameter input 
Bit path 


These bits are used to select a tool length compensation type. 


TLC 
Tool length compensation A ro fo |] 


Tool length compensation B So a a 
Tool length compensation C See eee eee 
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The axis to which cutter compensation is applied varies from type to 
type as described below. 
Tool length compensation A : 
Z-axis at all times 
Tool length compensation B : 
Axis perpendicular to a specified plane (G17/G18/G19) 
Tool length compensation C : 
Axis specified in a block that specifies G43/G44 


#3 TAL Tool length compensation C 
0: Generates an alarm when two or more axes are offset 
1: | Not generate an alarm even if two or more axes are offset 


#6 EVO If a tool compensation value modification is made for tool length 
compensation A or tool length compensation B in the offset mode 
(G43 or G44): 
0: The new value becomes valid in a block where G43, G44, or an 
H code is specified next. 
1: The new value becomes valid in a block where buffering is 
performed next. 


#7 #6 #5 #4 #3 #2 #1 #0 
eI ae 2S — Et Pini ee 
es aes (aes es |e Se a ee 


[Input type] Parameter input 
[Data type] Bit path 





#1 LGN Geometry offset number of tool offset 
0: Is the same as wear offset number 
1: Specifies the geometry offset number by the tool selection 
number 


NOTE 
This parameter is valid when the option for tool 


geometry compensation or tool wear compensation 
is specified. 





#2 LWT _ Tool wear compensation is performed by: 
0: Moving the tool. 
1: Shifting the coordinate system. 


NOTE 
This parameter is valid when the option for tool 


geometry compensation or tool wear compensation 
is specified. 
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[Input type] Parameter input 
[Data type] Bit path 


#0 SUP 
#1 SUV _ These bits are used to specify the type of startup/cancellation of cutter 
compensation or tool nose radius compensation. 
Operation 


Type A |A compensation vector perpendicular to the block next to the startup block or the block preceding 
the cancellation block is output. 


Tool nose radius center path / 
Tool center path 


Programmed path 


Type B |A compensation vector perpendicular to the startup block or cancellation block and an 
intersection vector are output. 


Intersection point Tool nose radius center path / 


Tool center path 


Programmed path 


by the cutter compensation amount in a direction perpendicular to the block next to the startup or 
the block before cancellation block. 


Intersection point Tool nose radius center path / 


Tool center path 


Programmed path 


When the block specifies movement operation, the type is set according to the SUP setting; if 
SUP is 0, type A is set, and if SUP is 1, type B is set. 


NOTE 
When SUV,SUP = 0,1 (type B), an operation 
equivalent to that of FS16i-T is performed. 
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[Input type] Parameter input 
[Data type] Bit path 


#1 ORC _ The setting of a tool offset value is corrected as: 
0: Diameter value 
1: Radius value 


NOTE 
This parameter is valid only for an axis based on 


diameter specification. For an axis based on radius 
specification, specify a radius value, regardless of 
the setting of this parameter. 





#2 ODI The setting of a cutter compensation/tool-nose radius compensation 
value is corrected as: 
0: Radius value 
1: Diameter value 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee ee ee ee ee 
[Input type] Parameter input 
[Data type] Bit path 


#4 MCR _ If G41/G42 (cutter compensation or tool nose radius compensation) is 
specified in the MDI mode, an alarm is: 
‘ Not raised. 
Raised. (alarm PS5257) 


Number of ee ea of an offset number used with a T code command 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 0Oto3 

Specify the number of digits of a T code portion that is used for a tool 
offset number (wear offset number when the tool geometry/wear 
compensation function is used). 
When 0 is set, the number of digits is determined by the number of 
tool compensation values. 
When the number of tool compensation values is 1 to 9: Lower | digit 
When the number of tool compensation values is 10 to 99: Lower 2 
digits 
When the number of tool compensation values is 100 to 999: Lower 3 
digits 
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Example : 
When an offset number is specified using the lower 2 digits of a 
T code, set 2 in parameter No. 5028. 
TXXXXXX yy 
XXxxxx : Tool selection 
yy : Tool offset number 


NOTE 


A value longer than the setting of parameter No. 3032 
(allowable number of digits of a T code) cannot be set. 





Number of tool compensation value memories common to paths 


[Input type] 
[Data type] 
[Valid data range] 


NOTE 
When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 
Word 
0 to 999 
When using memories common to paths, set the number of common 
tool compensation values in this parameter. 
Ensure that the setting of this parameter does not exceed the number 
of tool compensation values set for each path (parameter No. 5024). 
[Example 1] 
When parameter No. 5029 = 10, parameter No. 5024 (path 1) = 
15, and parameter No. 5024 (path 2) = 30 in a 2-path system, tool 
compensation numbers | to 10 of all paths are made common. 
[Example 2] 
When parameter No. 5029 = 20 and the other conditions are the 
same as for Example 1, tool compensation numbers | to 15 are 
made common. 


NOTE 


1 


When a multi-path system involving the machining 
center system and lathe system is used, memories are 
made common in each system. 

In each of the machining center system and lathe 
system, the same unit of tool compensation values 
needs to be used. 

Ensure that the setting of parameter No. 5029 does not 
exceed the number of tool compensation values for each 
path (parameter No. 5024). If the setting of parameter 
No. 5029 exceeds the number of compensation values 
of a path, the least of the numbers of compensation 
values in all paths is made common. 

When 0 or a negative value is set, memories common to 
paths are not used. 
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[Input type] 


#0 


#3 


[Data type] 


OWD 


Parameter input 
Bit path 


In radius programming (bit | (ORC) of parameter No. 5004 is set to 


1), 
0: 


1: 


Tool offset values of both geometry compensation and wear 
compensation are specified by radius. 

Tool offset value of geometry compensation is specified by 
radius and tool offset value of wear compensation is specified by 
diameter, for an axis of diameter programming. 


NOTE 


This parameter is valid when the option for tool 


geometry compensation or tool wear compensation 
is specified. 





The tool change method is based on: 


0: 


Turret rotation. (Tool change operation is performed with a T 
command only.) 

With a T command, an auxiliary function and tool offset 
operation are performed. 

Automatic tool changer (ATC). 

(Tool change operation is performed with an M command (such 
as M06)). 


With a T command, an auxiliary function only is performed. 
This parameter is valid with the T series only. 
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#7 #6 #5 #4 #3 #2 #1 #0 
ae ee ee a eee 
[Input type] Parameter input 
[Data type] Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





# 0 OFA 
#1 OFC 
#2 OFD 
#3 OFE These bits are used to specify the increment system and valid data 


range of a tool offset value. 

For metric input 

Unit Valid data range 
0.01mm +9999.99mm 
0.001mm +9999.999mm 
0.0001mm +9999.9999mm 
0.00001mm +9999.99999mm 
0.000001mm +999.999999mm 



































For inch input 
Unit Valid data range 
0.001inch +999.999inch 
0.0001inch +999.9999inch 
0.00001inch +999.99999inch 
0.000001inch +999.999999inch 
0.0000001inch +99.9999999inch 






































[Input type] Parameter input 
[Data type] Bit path 


#0 FXY The drilling axis in the drilling canned cycle is: 
0: Always the Z-axis 
1: The axis selected by the program 


NOTE 
In the case of the T series, this parameter is valid 


only for the drilling canned cycle in the Series 15 
format. 
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[Input type] Parameter input 
[Data type] Bit path 


#0 G84 = Method for specifying rigid tapping 
0: AnM code specifying the rigid tapping mode is specified prior to 
the issue of the G84 (or G74) command. (See parameter 
No.5210). 
1: AnM code specifying the rigid tapping mode is not used. (G84 
cannot be used as a G code for the tapping cycle; G74 cannot be 
used for the reverse tapping cycle.) 


#2 CRG _ Rigid mode when a rigid mode cancel command is specified (G80, 
G01 group G code, reset, etc.) 


0: Canceled after rigid tapping signal RGTAP is set to "0". 
1: Canceled before rigid tapping signal RGTAP is set to "0". 


#7 #6 #5 #4 #3 #2 #1 #0 
aaa a eae (A a 
[Input type] Parameter input 


[Data type] Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#3 CHR When the option for interpolation type rigid tapping is available: 
0: Interpolation type rigid tapping is selected. 
1: Conventional rigid tapping is selected. 
This parameter is valid when the option for interpolation type rigid 
tapping is available. When the option for interpolation type rigid 
tapping is not available, conventional rigid tapping is selected, 
regardless of the setting of this parameter. 


#7 #6 #5 #4 #3 #2 #1 #0 
[Input type] Parameter input 
[Data type] Bit path 
#0 HRG Rigid tapping by the manual handle is: 


0: Disabled. 
1: Enabled. 
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#1 


HRM 


Maximum spindle speed in rigid tapping (second gear) 
Maximum spindle speed in rigid tapping (third gear) 


Pay Maximum spindle speed in rigid tapping (fourth gear) 


[Input type] 
[Data type] 


[U 


nit of data] 


[Valid data range] 


[ 


#2 


# 6 


APPENDIX B-63944EN/02 


When the tapping axis moves in the negative direction during rigid 

tapping controlled by the manual handle, the direction in which the 

spindle rotates is determined as follows: 

0: In G84 mode, the spindle rotates in a normal direction. In G74 
mode, the spindle rotates in reverse. 

1: In G84 mode, the spindle rotates in reverse. In G74 mode, the 
spindle rotates in a normal direction. 





Maximum spindle speed in rigid tapping (first gear) 


Parameter input 
2-word spindle 
ad 


min 
0 to 9999 

Spindle position coder gear ratio 
1:1 0 to 7400 

1:2 0to 9999 

1:4 0 to 9999 

1:8 0to 9999 


Each of these parameters is used to set a maximum spindle speed for 
each gear in rigid tapping. 

Set the same value for both parameter No.5241 and parameter 
No.5243 for a one-stage gear system. For a two-stage gear system, set 
the same value as set in parameter No. 5242 in parameter No. 5243. 
Otherwise, alarm PS0200 will be issued. This applies to the M series. 


#7 #6 


#5 #4 #3 #2 #1 #0 
xsc a ee 


Input type] 
[Data type] 


D3R 


XSC 


Parameter input 
Bit path 


The three-dimensional coordinate conversion mode can be cancelled 

by: 

0: The G69 (M series) command, the G69.1 (T series) command, a 
reset operation, or a CNC reset by signal input from the PMC. 

1: The G69 (M series) command or G69.1 (T series) command 
only. 


The setting of a scaling magnification (axis-by-axis scaling) is: 


0: Disabled. 
1: Enabled. 
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#7 SCR _ Scaling (G51) magnification unit 
0: 0.00001 times (1/100,000) 
1: 0.001 times 


#7 #6 #5 #4 #3 #2 #1 #0 
pT CC tx 
[Input type] Parameter input 
[Data type] Bit axis 


#0 SCLx Scaling on this axis 
0:  Invalidated 
1: Validated 


Scaling (G51) magnification 


[Input type] Setting input 
[Data type] 2-word path 
[Unit of data] 0.001 or 0.00001 times (Selected using SCR, #7 of parameter 
No.5400) 
[Valid data range] 1to999999999 

This parameter sets a scaling magnification when axis-by-axis scaling 
is disabled (with bit 6 (XSC) of parameter No. 5400 set to 0). If no 
scaling magnification (P) is specified in the program, the setting of 
this parameter is used as a scaling magnification. 


NOTE 
When bit 7 (SCR) of parameter No. 5400 is set to 
1, the valid data range is 1 to 9999999. 





Rapid traverse rate for a hole machining cycle in three-dimensional 
coordinate conversion mode 


[Input type] Parameter input 
[Data type] Real path 
[Unit of data] © mm/min, inch/min, degree/min (machine unit) 
[Minimum unit of data] Depend on the increment system of the reference axis 
[Valid data range] Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 
This parameter sets a rapid traverse rate for a hole machining cycle in 
the three-dimensional coordinate conversion mode. 
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Scaling magnification for each axis 


[Input type] Setting input 
[Data type]  2-word axis 
[Unit of data] 0.001 or 0.00001 times (Selected using SCR, #7 of parameter 
No.5400) 
[Valid data range] -999999999 to -1, 1 to 999999999 

This parameter sets a scaling magnification for each axis when 
axis-by-axis scaling is enabled (with bit 6 (XSC) of parameter No. 
5400 set to 1). For the first spindle to the third spindle (X-axis to 
Z-axis), the setting of this parameter is used as a scaling magnification 
if scaling magnifications (I, J, K) are not specified in the program. 


NOTE 
When bit 7 (SCR) of parameter No. 5400 is set to 


1, the valid data ranges are -9999999 to -1 and 1 to 
9999999. 





#7 #6 #5 #4 #3 #2 #1 #0 
a eas es ee es ee ee 
[Input type] Parameter input 
[Data type] Bit path 


NOTE 
When this parameter is set, the power must be 
turned off before operation is continued. 





#0 MDL The G60 code (one-direction positioning) is: 
0: One-shot G code (group 00). 
1: Modal G code (group 01). 


Positioning direction and overrun distance in single directional positioning 


[Input type] Parameter input 
[Data type] Real axis 
[Unit of data] mm, inch, degree (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] -32767 to 32767 

This parameter sets the positioning direction and overrun distance in 
single directional positioning (G60) for each axis. The positioning 
direction is specified using a setting data sign, and the overrun 
distance using a value set here. 
Overrun distance>0: The positioning direction is positive (+). 
Overrun distance<0: The positioning direction is negative (*). 
Overrun distance=0: Single directional positioning is not performed. 
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#7 #6 #5 #4 #3 #2 #1 #0 
fae ee Se ee = 
[Input type] Parameter input 
[Data type] Bit path 


#2 PLS | The polar coordinate interpolation shift function is: 
0: Not used. 
1: Used. 


This enables machining using the workpiece coordinate system with a 
desired point which is not the center of the rotation axis set as the 
origin of the coordinate system in polar coordinate interpolation. 


Axis (linear axis) specification for polar coordinate interpolation 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 1 to number of controlled axes 
This parameter sets control axis numbers of linear axis to execute 
polar interpolation. 


Axis (rotation axis) specification for polar coordinate interpolation 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 1 to number of controlled axes 
This parameter sets control axis numbers of rotation axis to execute 
polar interpolation. 


Automatic override tolerance ratio for polar coordinate interpolation 


[Input type] Parameter input 
[Data type] Byte path 
[Unit of data] % 
[Valid data range] 0 to 100 

Typical setting: 90% (treated as 90% when set to 0) 
Set the tolerance ratio of the fastest cutting feedrate to the speed of the 
rotation axis during automatic override of polar coordinate 
interpolation. 








- 1445 - 


A.PARAMETERS 


APPENDIX B-63944EN/02 


Compensation for error on hypothetical axis of polar coordinate 
interpolation 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Byte path 

mm, inch (input unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(For IS-B, -999999.999 to +999999.999) 

This parameter is used to set the error if the center of the rotation axis 
on which polar coordinate interpolation is performed is not on the 
X-axis. 

If the setting of the parameter is "0", regular polar coordinate 
interpolation is performed. 








Feedrate of rotation of the normal direction controlled axis 


Parameter input 

Real axis 

deg/min 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

This parameter sets the feedrate of the movement along the normal 
direction controlled axis that is inserted at the start point of a block 
during normal direction control. 
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Limit value of movement that is executed at the normal direction angle of a 
preceding block 


[Input type] Parameter input 
[Data type] Real path 
[Unit of data] © mm, inch (input unit) 
[Minimum unit of data] Depend on the increment system of the reference axis 
[Valid datarange] 0 or positive 9 digit of minimum unit of data (refer to standard 
parameter setting table (B) 





Tool center path 


, 
’ 
’ 
’ 
, 
, 


’ 
, 
, 


N11” 


For straight line 
. When the travel distance of N2 in the figure on 
‘NS the left does not exceed the setting, block N2 is 
BS machined with the tool being normal to block N1. 





Travel distance 


Programmed path 


Ne Tool center path 


\ x For arc 


When the arc diameter of N2 in the figure on the left 
does not exceed the setting, arc N2 is machined with 
the tool being normal to block Ni. Anormal 
direction axis is not controlled to move in the normal 
direction according to the arc movement. 





Programmed path 


Diameter 








#7 #6 #5 #4 #3 #2 #1 #0 
pee ae ee Se see 
[Input type] Parameter input 
[Data type] Bit path 


#0 SPN The amount of linear axis division (span value) in exponential 
interpolation is: 
0: Specified with parameter No.5643. 
1: Specified using address K in a block containing G02.3/G03.3. 
When address K is not specified, the value set with parameter 
No.5643 is used. 


Linear axis number subject to exponential interpolation 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 1 to number of controlled axes 
This parameter sets the ordinal number, among the controlled axes, for 
the linear axis to which exponential interpolation is applied. 
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Rotation axis number subject exponential interpolation 


[Input type] 
[Data type] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


6000 


[Input type] 
[Data type] 


#0 G67 


#1 MGO 


#3 v15 


Parameter input 

Byte path 

1 to number of controlled axes 

This parameter sets the ordinal number, among the controlled axes, for 
the rotation axis to which exponential interpolation is applied. 





Amount of linear axis division (Span value) in exponential interpolation 


Setting input 

Real path 

mm, inch (machine unit) 

Depend on the increment system of the reference axis 

0 to 999999999 

This parameter sets an amount of linear axis division in exponential 
interpolation when bit 0 (SPN) of parameter No. 5630 is set to 0 or 
when address K is not specified. 


Parameter input 
Bit path 


If the macro continuous-state call cancel command (G67) is specified 
when the macro continuous-state call mode (G66/G66.1) is not set: 

0: Alarm PS0122 is issued. 

1: The specification of G67 is ignored. 


When a GOTO statement for specifying custom macro control is 

executed, a high-speed branch to 20 sequence numbers executed from 

the start of the program is: 

0: A high-speed branch is not caused to n sequence numbers from 
the start of the executed program. 

1: A high-speed branch is caused to n sequence numbers from the 
start of the program. 


As system variable numbers for tool offset: 

0: The standard system variable numbers for the Series 16 are used. 

1: The same system variable numbers as those used for the Series 
15 are used. 

The tables below indicate the system variables for tool offset numbers 

1 to 999. The values for tool offset numbers | to 200 can be read from 

or assigned to the system variables in parentheses. 
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#4 


#5 


HGO 


SBM 


APPENDIX 


(1) Tool offset memory A 


Wear offset value 


A.PARAMETERS 


System variable number 





V15=0 


#10001 to #10999 


V15=1 
#10001 to #10999 





(#2001 to #2200) 


(2) Tool offset memory B 


Geometry offset 
value 


(#2001 to #2200) 


System variable number 





Vv15=0 


#11001 to #11999 
(#2201 to #2400) 


V15=1 


#10001 to #10999 
(#2001 to #2200) 





Wear offset value 





#10001 to #10999 
(#2001 to #2200) 





#11001 to #11999 
(#2201 to #2400) 





(3) Tool offset memory C 


System variable number 





Vv15=0 


V15=1 





Tool 
length 
offset 


Geometry 
offset value 


#11001 to #11999 
(#2201 to #2400) 


#10001 to #10999 
(#2001 to #2200) 





Wear offset 
value 


#10001 to #10999 
(#2001 to #2200) 


#11001 to #11999 
(#2201 to #2400) 





Tool 
radius 
offset 


Geometry 
offset value 


#13001 to #13999 


#12001 to #12999 





Wear offset 


value 





#12001 to #12999 








#13001 to #13999 


When a GOTO statement in a custom macro control command is 


executed, 
0: Not made. 
1: Made. 


Custom macro statement 


0: Not 


stop the single block 


1: Stops the single block 
If you want to disable the single blocks in custom macro statements 
using system variable #3003, set this parameter to 0. If this parameter 
is set to 1, the single blocks in custom macro statements cannot be 
disabled using system variable #3003. To control single blocks in 
custom macro statements using system variable #3003, use bit 7 
(SBV) of parameter No. 6000. 
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#7 #6 #5 #4 #3 #2 #1 #0 
= | Seow] res: [ero eve [ert | MF 
[Input type] Parameter input 
[Data type] Bit path 


#0 MIF  Thecustom macro interface signals are based on: 

0: Standard specification. 
(The signals UI000 to UIO15, UO000 to UO015, and UO100 to 
UO131 are used.) 
Extended specification. 
(The signals UIO00 to UIO31, UI100 to UI131, UI200 to UI231, 
UI300 to UI331, UO000 to UO031, UO100 to UO131, UO200 to 
U0231, and UO300 to UO331 are used.) 


_— 


#1 PRT Reading zero when data is output using a DPRINT command 
0: Outputs a space 
1: Outputs no data 


#3 PV5 = Custom macro common variables: 


0: #500 to #549 are output. “°*)) 
1: #100 to #149 and #500 to 549 are output. (Note 1) 


NOTE 
The variables depend on the selected options. 


Custom macro common variable addition option 
Not selected Selected 
Embedded Not #500 to #549 or #500 to #999 or 





selected | #100 to #149 and #500 to #549 | #100 to #199 and #500 to #999 
#500 to #549 or #500 to #999 or 
#100 to #499 and #500 to #549 | #100 to #49 and #500 to #999 





macro 
option Selected 











#4 CRO [SO code in BPRWT or DPRNT command 
0: Outputs only “LF” after data is output 
1: Outputs “LF” and “CR” after data is output 


#5 TCS Custom macro (subprogram) 
0: Not called using a T code 
1: Called using a T code 


#6 CCV Common variables #100 to #149(NOTE) cleared by power-off are: 


0: Cleared to <null> 
1: Not cleared 


NOTE 
The variables depend on the selected options. 
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Custom macro common variable addition option 
Not selected Selected 





Embedded | Not #100to#149 #100to#199 
macro selected 


option Selected #1 00to#499 














[Input type] 
[Data type] 
#2 MIN 
# 3 TSE 
#4 MPR 
#5 MSB 


[ 


#0 


6004 


Input type] 
[Data type] 


NAT 


#7 #6 #5 #4 #3 #2 #1 #0 
| tse | mer | tse [omy || 
Parameter input 


Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Custom macro interrupt 

0: Performed by interrupting an in-execution block (Custom macro 
interrupt type I) 

1: Performed after an in-execution block is completed (Custom 
macro interrupt type I) 


Custom macro interrupt signal UINT 
0: Edge trigger method (Rising edge) 
1: Status trigger method 


Custom macro interrupt valid/invalid M code 
0: M96/M97 
1: Mcode set using parameters (Nos. 6033 and 6034) 


Interrupt program 

0: Uses a dedicated local variable (Macro-type interrupt) 

1: Uses the same local variable as in the main program 
(Subprogram- type interrupt) 





Parameter input 
Bit path 


The results of the custom macro functions ATAN (with 2 arguments) 
and ASIN are specified as follows: 
0: The result of ATAN is 0 to 360.0. 
The result of ASIN is 270.0 to 0 to 90.0. 
1: The result of ATAN is -180.0 to 0 to 180.0. 
The result of ASIN is -90.0 to 0 to 90.0. 
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#2 VHD With system variables #5121 to #5140: 

0: The tool offset value (geometry offset value) in the block 
currently being executed is read. (This parameter is valid only 
when tool geometry/tool wear compensation memories are 
available.) 

1: An interrupt travel distance based on manual handle interrupt is 
read. 


#5 D15 + When tool compensation memory C is used, for reading or writing 
tool offset values (for up to offset number 200) for D code (tool 
radius), the same system variables, #2401 through #2800, as Series 15 
are: 
0: Not used. 
1: Used. 
When bit 3 (V15) of parameter No. 6000 is set to | 

D code 


| ss Geometry | Wear 


Compensation 
Variable Variable 
number Variable name Variable name 
number number 


1 #2401 [#_OFSDG[1]] #2601 [#_ OFSDW[1]] 


[ z 
2 [#_OFSDGI2]] [#_OFSDW/2]] 
[#_OFSDGI3]] [#_OFSDWI3]] 
Bae ee ee See ee es ee ee 


#2599 | [#_OFSDG[199]] | #2799 | [# OFSDWI199] 
#2600 | [# OFSDG[200]] |_ #2800 | [# OFSDW[200]] 





#7 #6 #5 #4 #3 #2 #1 #0 
eva [nce [ecs [sos [ore 
[Input type] Parameter input 
[Data type] Bit path 


#0 DPG _— Specifies whether to allow G codes with a decimal point to be called. 
0: Do not allow. 
1: Allow. 


#1 SCS _— Specifies whether to call subprograms with S codes. 
0: Do not call with S codes. 
1: Call with S codes. 


#2 BCS Specifies whether to call subprograms with the second auxiliary 
function codes. 
0: Do not call with the second auxiliary function codes. 
1: Call with the second auxiliary function codes. 


#3 MGE _ Specifies whether a G code modal call is made after movement or for 
each block. 
0: Make a call for each block (equivalent to G66.1). 
1: Make a call after movement (equivalent to G66). 


- 1452 - 


B-63944EN/02 


#4 


#0 


#1 


#4 
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CVA __ The format for macro call arguments is specified as follows: 


0: Arguments are passed in NC format without modifications. 
1: Arguments are converted to macro format then passed. 
Example) 


When G65 P_ X10; is specified, the value in local variable #24 
in the calling program is set as follows: 


CVA=0 CVA=1 
ADP[#24] 


NOTE 


External operations are the same unless the ADP 
function is used. 





#7 #6 #5 #4 #3 #2 #1 #0 
| wk | emp | [so | | mca | rte 


[Input type] 


[Data type] 


F16 


MCA 


ISO 


Parameter input 
Bit path 


The precision of operation is based on: 


0: 
1: 


New specification. 
FS16i compatible specification. 


A macro alarm specification based on system variable #3000 is 
selected as follows: 


0: 


An alarm number obtained by adding 3000 to a value assigned to 
variable #3000 and the corresponding message are displayed. 
(A value from 0 to 200 can be assigned to variable #3000.) 

A value assigned to variable #3000 and the corresponding 
message are displayed. (A value from 0 to 4095 can be assigned 
to variable #3000.) 


(Example) 

Execution of #3000=1 (ALARM MESSAGE); 

When bit 1 (MCA) of parameter No. 6008 is set to 0: 

The alarm screen displays "3001 ALARM MESSAGE". 
When bit 1 (MCA) of parameter No. 6008 is set to 1: 

The alarm screen displays "MC0001 ALARM MESSAGE". 


When the EIA code is used, the bit patters of codes specified 
instead of [, ], #, *, =, ?, @, &, and _ are set in parameter No. 
6010 to No. 6018. 

When the ISO/ASCII code is used, the bit patters of codes 
specified instead of [, ], # *, =, ?, @, &, and _ are set in 
parameter No. 6010 to No. 6018. 
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#7 


GMP 


JK 
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The calling of M, S, T, a second auxiliary function code, or a 

particular code during the calling of a G code, and the calling of a G 

code during the calling of M, S, T, a second auxiliary function code, 

or particular code are: 

0: Not allowed. (They are executed as an ordinary G, M, S, T, 
second auxiliary function code, and NC address.) 

1: Allowed. 


For addresses I, J, and K specified as arguments: 
0: Argument specification I or II is automatically determined. 
1: Argument specification I is always used. 








Example 
When K_J_I_ is specified: 
- When this parameter is set to 0: 

Argument specification II is used and K=#6, J=#8, 
and |=#10 are specified. 

- When this parameter is set to1: 

Argument specification | is used and |=#4, J=#5, 
and K=#6 are specified regardless of the spcification 
order. 

(Argument specification II cannot be used.) 
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#7 #6 #5 #4 #3 - ry 7 


[Input type] Parameter input 
[Data type] Bit path 





*0 to *7: The bit pattern of the EIA or ISO/ASCII code indicating * is set. 
=0to=7: The bit pattern of the EIA or ISO/ASCI code indicating = is set. 
#0 to#7: The bit pattern of the EIA or ISO/ASCII code indicating # is set. 
[0 to[7: The bit pattern of the EIA or ISO/ASCH code indicating [ is set. 
]0to]7: The bit pattern of the EIA or ISO/ASCII code indicating ] is set. 
20 to ?7: The bit pattern of the EIA or ISO/ASCII code indicating ? is set. 
@0 to @7: The bit pattern of the EIA or ISO/ASCII code indicating @ is set. 
&0 to &7: The bit pattern of the EIA or ISO/ASCII code indicating & is set. 
Oto _7: The bit pattern of the EIA or ISO/ASCII code indicating _ is set. 
0: A corresponding bit is 0. 
1: A corresponding bit is 1. 


6030 M code to execute external device subprogram calls 


[Input type] Setting input 
[Data type]  2-word path 
[Valid data range] 0 to 99999999 

Set the M code to execute external device subprogram calls. When 0 is 
set, M198 is used. M01, M02, M30, M98, and M99 cannot be used to 
execute external device subprogram calls. When a negative number, 1, 
2, 30, 98, or 99 is set for this parameter, M198 is used to execute 
external device subprogram calls. 
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nae Start number of common variables to be protected among the common 
variables (#500 to #999) 

Gas End number of common variables to be protected among the common 
variables (#500 to #999) 


[Input type] Parameter input 
[Data type] Word path 
[Valid data range] 500 to 999 
Among the common variables (#500 to #999), the range of common 
variables specified by this parameter can be protected (by setting their 
attributes to read-only). If a write attempt (on the left side) is made, an 
alarm is issued. 


NOTE 


Set 0 in both parameter No. 6031 and No. 6032 not 
to protect common variables. 


6033 M code that validates a custom macro interrupt 
6034 M code that invalidates a custom macro interrupt 





[Input type] Parameter input 
[Data type]  2-word path 
[Valid data range] 03 to 99999999 (excluding 30, 98 and 99) 
These parameters can be used when MPR, #4 of parameter No.6003, 
is 1. M96 is used as a valid M code and M97 is used as an invalid M 
code when MPR is 0, irrespective of the state of this parameter. 
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Sisk Number of custom macro variables common to tool path 
(for #100 to #199 (#499) ) 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Word system common 

0 to 400 

When the memory common to paths is used, this parameter sets the 
number of custom macro common variables to be shared (custom 
macro variables common to paths). Common variables #100 to #199 
(up to #499 in a system with the embedded macro option) may be 
shared. Ensure that the maximum number of usable macro common 
variables is not exceeded. 





Example 
When 20 is set in parameter No. 6036 
#100 to #119: Shared by all paths 
#120 to #149: Used by each path independently 











Example) 
When 20 is set in parameter No. 6036 
#100 to #119: Shared by all paths 
#120 to #149: Used by each path independently 


NOTE 
To use up to #199, the option for adding custom 
macro common variables is required. 


To use up to #499, the embedded macro option is 
required. 

When 0 or a negative value is set, the memory 
common to paths is not used. 





6037 Number of custom macro variables common to tool path (for #500 to #999) 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Word system common 

0 to 500 

When the memory common to paths is used, this parameter sets the 
number of custom macro common variables to be shared (custom 
macro variables common to paths). Common variables #500 to #999 
may be shared. Ensure that the maximum number of usable macro 
common variables is not exceeded. 





Example 
When 50 is set in parameter No. 6037 
#500 to #549: Shared by all paths #120 to #149: 
#550 to #599: Used by each path independently 
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NOTE 
1 To use up to #999, the option for adding custom 


macro common variables is required. 
2 When 0 or a negative value is set, the memory 
common to paths is not used. 





6038 Start G code used to call a custom macro 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
Word path 
-9999 to 9999 


6039 Start program number of a custom macro called by G code 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
2-word path 
1 to 9999 


6040 Number of G codes used to call custom macros 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
Word path 
0 to 255 
Set this parameter to define multiple custom macro calls using G 
codes at a time. With G codes as many as the value set in parameter 
No. 6040 starting with the G code set in parameter No. 6038, the 
custom macros of program numbers as many as the value set in 
parameter No. 6040 starting with the program number set in parameter 
No. 6039 can be called. Set 0 in parameter No. 6040 to disable this 
mode of calling. 
If a negative value is set in parameter No. 6038, the modal call mode 
is entered. Whether the modal call is equivalent to G66 or G66.1 
depends on bit 3 (MGE) of parameter No. 6007. 
Example) 
When parameter No. 6038 = 900, parameter No. 6039 = 1000, 
and parameter No. 6040 = 100 are set, a set of 100 custom macro 
calls (simple calls) is defined as follows: 
G900 > 01000 
G901 > 01001 
G902 > 01002 


G999 — 01099 


When the setting of parameter No. 6038 is changed to -900, the 
same set of custom macro calls (modal calls) is defined. 
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NOTE 
1 When the following conditions are satisfied, all calls 
using these parameters are disabled: 
1) When a value not within the specifiable range is 
set in each parameter 
2) (Value of parameter No.6039 + value of 


parameter No.6040 - 1) > 9999 
The specification of a mixture of simple calls and 
modal calls is not allowed. 
If a range of G codes set by these parameters 
duplicate G codes specified in parameter No.6050 
to No.6059, the calls specified by parameter 
No.6050 to 6059 are made preferentially. 





6041 Start G code with a decimal point used to call a custom macro 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
Word path 
-999 to 999 


Start program number of a custom macro called by G code with a decimal 
point 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
2-word path 
1 to 9999 


Number of G codes with a decimal point used to call custom macros 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Word path 

0 to 255 

Set this parameter to define multiple custom macro calls using G 
codes with a decimal point at a time. With G codes with a decimal 
point as many as the value set in parameter No. 6043 starting with the 
G code with a decimal point set in parameter No. 6041, the custom 
macros of program numbers as many as the value set in parameter No. 
6043 starting with the program number set in parameter No. 6042 can 
be called. Set 0 in parameter No. 6043 to disable this mode of calling. 
If a negative value is set in parameter No. 6041, the modal call mode 
is entered. Whether the modal call is equivalent to G66 or G66.1 
depends on bit 3 (MGE) of parameter No. 6007. 


Example) 
When parameter No. 6041 = 900, parameter No. 6042 = 2000, 
and parameter No. 6043 = 100 are set, a set of 100 custom macro 
calls (simple calls) is defined as follows: 
G90.0 + 02000 
G90.1 > 02001 
G90.2 > 02002 
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G99.9 + 02099 
When the setting of parameter No. 6041 is changed to -900, the 
same set of custom macro calls (modal calls) is defined. 


NOTE 
1 When the following conditions are satisfied, all calls 
using these parameters are disabled: 
1) When a value not within the specifiable range is 
set in each parameter 
2) (Value of parameter No.6042 + value of 
parameter No.6043 - 1) > 9999 
3) When bit 0 (DPG) of parameter No. 6007 = 0 (to 
disable calls using G codes with a decimal point) 
The specification of a mixture of simple calls and 
modal calls is not allowed. 
If a range of G codes set by these parameters 
duplicate G codes specified in parameter No.6060 
to No.6069, the calls specified by parameter 
No.6060 to 6069 are made preferentially. 


6044 Start M code used to call a subprogram 


[Input type] Parameter input 
[Data type] 2-word path 
[Valid data range] 3 to 99999999 


Start program number of a subprogram called by M code 


[Input type] Parameter input 
[Data type] 2-word path 
[Valid data range] 1 to 9999 


eae Number of M codes used to call subprograms (number of subprograms 
called by M codes) 


[Input type] Parameter input 
[Data type] 2-word path 
[Valid data range] 0 to 32767 

Set this parameter to define multiple subprogram calls using M codes 
at a time. With M codes as many as the value set in parameter No. 
6046 starting with the M code set in parameter No. 6044, the 
subprograms of program numbers as many as the value set in 
parameter No. 6046 starting with the program number set in 6045 can 
be called. Set 0 in parameter No. 6046 to disable this mode of calling. 





Example) 
When parameter No. 6044 = 80000000, parameter No. 6045 = 
3000, and parameter No. 6046 = 100 are set, a set of 100 
subprogram calls is defined as follows: 
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M80000000 — 03000 
M80000001 — 03001 
M80000002 — 03002 


M80000099 — 03099 


NOTE 
1 When the following conditions are satisfied, all calls 
using these parameters are disabled: 
1) When a value not within the specifiable range is 
set in each parameter 


2) (Value of parameter No. 6045 + value of 
parameter No. 6046 - 1) > 9999 

If a range of M codes set by these parameters 

duplicate M codes specified in parameter No. 6071 

to No. 6079, the calls specified by parameter No. 

6071 to 6079 are made preferentially. 





6047 Start M code used to call a custom macro 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
2-word path 
3 to 99999999 


6048 Start program number of a custom macro called by M code 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
2-word path 
1 to 9999 


Bias Number of M codes used to call custom macros (number of custom macros 
called by M codes) 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
2-word path 
0 to 32767 
Set this parameter to define multiple custom macro calls using M 
codes at a time. With M codes as many as the value set in parameter 
No. 6049 starting with the M code set in parameter No. 6047, the 
custom macros of program numbers as many as the value set in 
parameter No. 6049 starting with the program number set in parameter 
No. 6048 can be called. Set 0 in parameter No. 6049 to disable this 
mode of calling. 
Example) 
When parameter No. 6047 = 90000000, parameter No. 6048 = 
4000, and parameter No. 6049 = 100 are set, a set of 100 custom 
macro calls (simple calls) is defined as follows: 
M90000000 — 04000 
M90000001 —> 04001 
M90000002 > 04002 
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M90000099 — 04099 


NOTE 
1 When the following conditions are satisfied, all calls 
using these parameters are disabled: 
1) When a value not within the specifiable range is 
set in each parameter 
2) (Value of parameter No. 6048 + value of 


parameter No. 6049 - 1) > 9999 
If a range of M codes set by these parameters 
duplicate M codes specified in parameter No. 6080 
through No. 6089, the calls specified by parameter 
No. 6080 through 6089 are made preferentially. 
When a 5-digit or longer O number is used, the 
option for 8-digit program numbers is required. 


G code that calls the custom macro of program number 9010 
to 
G code that calls the custom macro of program number 9019 


[Input type] Parameter input 
[Data type] | Word path 
[Valid data range] (-9999 to 9999 : excluding 0, 5, 65, 66 and 67) 

Set the G codes used to call the custom macros of program numbers 
9010 to 9019. However, note that when a negative value is set in this 
parameter, it becomes a modal call. For example, if this parameter is 
set to -11, the modal call mode is entered by G11. 
Whether the modal call is equivalent to G66 or G66.1 depends on bit 3 
(MGE) of parameter No. 6007. 
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number 9040 
to 
number 9049 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Word path 

-999 to 999 

Set the G codes used to call the custom macros of program numbers 
9040 to 9049. However, note that when a negative value is set in this 
parameter, it becomes a modal call. For example, if this parameter is 
set to -11, the modal call mode is entered by G1.1. 

Whether the modal call is equivalent to G66 or G66.1 depends on bit 3 
(MGE) of parameter No. 6007. Set G codes in the format Gm.n. The 
value expressed by (mx10+n) is set in the parameter. The values m 
and n must satisfy the following relationships: 0 <m <99, 0 <n <9. 


6071 M code used to call the subprogram of program number 9001 
to 
6079 M code used to call the subprogram of program number 9009 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

2-word path 

3 to 99999999 (excluding 30, 98 and 99) 

These parameters set the M codes that call the subprograms of 
program numbers 9001 to 9009. 


NOTE 
If the same M code is set in these parameters, the 
younger number is called preferentially. For 


example, if 100 is set in parameter No. 6071 and 
6072, and programs 09001 and O9002 both exist, 
09001 is called when M100 is specified. 





6080 M code used to call the custom macro of program number 9020 
to 
6089 M code used to call the custom macro of program number 9029 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

2-word path 

3 to 99999999 (excluding 30, 98 and 99) 

Set the M codes used to call the custom macros of program numbers 
9020 to 9029. The simple call mode is set. 
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NOTE 

1 Ifthe same M code is set in these parameters, the 
younger number is called preferentially. For 
example, if 200 is set in parameter No. 6081 and 
No. 6082, and programs 09021 and 09022 both 
exist, 09021 is called when M200 is specified. 
If the same M code is set in a parameter (No. 6071 


to No. 6079) used to call subprograms and ina 
parameter (No. 6080 to No. 6089) used to call 
custom macros, a custom macro is called 
preferentially. For example, if 300 is set in 
parameter No. 6071 and No. 6081, and programs 
09001 and 09021 both exist, 09021 is called 
when M300 is specified. 





6090 ASCII code that calls the subprogram of program number 9004 
ASCII code that calls the subprogram of program number 9005 


[Input type] 
[Data type] 
[Valid data range] 





Parameter input 

Byte path 

65(A:41H) to 90(Z:5AH) 

These parameters set the ASCII codes that call subprograms in 
decimal. 

The settable addresses are indicated below. 


Address Parameter setting value T series M series 


Oo 
Oo 





















































N |<] X<|<] A] @)] WO} Vl =| | A} C|—| XL] mM) Oo] ow) > 
X<| ><] <|><]O]O}O]O}]O}O}O}O}O}O/O/O]x< 
O/O]O/OJ/OJ]O}O]/O}O}O/O}O/O/O]O/O/O;O 














NOTE 

1 When address L is set, the number of repeats 
cannot be specified. 

2 Set 0 when no subprogram is called. 
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#7 #6 #5 #4 #3 #2 #1 #0 
ee a a ee 
[Input type] Parameter input 
[Data type] Bit path 


#4 HSS 
0: The skip function does not use high-speed skip signals while skip 
signals are input. (The conventional skip signal is used.) 
1: The step skip function uses high-speed skip signals while skip 
signals are input. 
#7 SKF Dry run, override, and automatic acceleration/deceleration for G31 
skip command 
0: Disabled 
1: Enabled 


#7 #6 #5 #4 #3 #2 #1 #0 
[ase] 187 [ 156 [ 155 | 1s¢ | as5 [152] 151 | 
[Input type] Parameter input 
[Data type] Bit path 


1S1to1S8 These parameters specify whether to enable or disable each 
high-speed skip signal when the G31 skip command is issued. 
The following table shows the correspondence between the bits, input 
signals, and commands. 
The settings of the bits have the following meaning : 
0: The high-speed skip signal corresponding to a bit is disabled. 
1: | The high-speed skip signal corresponding to a bit is enabled. 


High-speed skip signals 























NOTE 
Do not specify the same signal simultaneously for 
different paths. 
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#7 #6 #5 #4 #3 #2 #1 #0 

| 2sa_| 2s7 | 2s6 | 255 | 2s4 | 283 | 282 | 281 | 
#7 #6 #5 #4 #3 #2 #1 #0 

| 3ss_| as7_| 3s6_| ass | 3s4 | as3 | 382 | 351_| 
#7 #6 #5 #4 #3 #2 #1 #0 

| 4s8_| as7 | aso | ss | asa | 453 | asz_| 451 | 
#7 #6 #5 #4 #3 #2 #1 #0 

| bse | ps7 | pss | pss | ps4 | pss | ps2 | pst | 


[Input type] Parameter input 
[Data type] Bit path 


1S1to1S8, 2S1to2S8, 3S1to3S8, 4S1to04S88, DS1toDS8 
Specify which skip signal is enabled when the skip command (G31, or 
G31P1 to G31P4) and the dwell command (G04, G04Q1 to G04Q4) 
are issued with the multi-step skip function. 
The following table shows the correspondence between the bits, input 
signals, and commands. 
The setting of the bits have the following meaning : 
0: The skip signal corresponding to a bit is invalid. 
1: The skip signal corresponding to a bit is enabled. 
Multi-step skip function 


Command G31 
G31P1 G31P2 G31P3 
G04Q1 G04Q2 G04Q3 


SKIP/HDIO 
SKIP2/HDI1 








SKIP3/HDI2 
SKIP4/HDI3 
SKIP5/HDI4 
SKIP6/HDI5 
SKIP7/HDI6 
SKIP8/HDI7 



































NOTE 
HDIO to HDI7 are high-speed skip signals. 


#7 


#6 #5 #4 #3 #2 #1 #0 
| ss8_| os7 | oso | oss | 9s4 | 953 | 982 | 951 | 


[Input type] Parameter input 
[Data type] Bit path 


9S1 to9S8 = Specify which high-speed skip signal is enabled for the continuous 
high-speed skip command G31P90 or the EGB skip command G31.8. 
The settings of each bit have the following meaning: 
0: The high-speed skip signal corresponding to the bit is disabled. 
1: The high-speed skip signal corresponding to the bit is enabled. 
The bits correspond to signals as follows: 
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Parameter High-speed skip signal 


























¢ value on the X axis during automatic tool compensation (T series) 


¢ value during automatic tool length measurement (M series) (for the XAE1 
and GAE1 signals) 


¢ value on the Z axis during automatic tool compensation (T series) 


é value during automatic tool length measurement (M series) (for the XAE2 
and GAE2 signals) 





[Input type] Parameter input 
[Data type] 2-word path 
[Unit of data] | mm, inch, deg (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] 9 digit of minimum unit of data (refer to standard parameter setting 

table (A) ) 
(When the increment system is IS-B, -999999.999 to +999999.999) 
These parameters set the relevant ¢ value during automatic tool 
compensation (T series) or automatic tool length measurement (M 
series). 


NOTE 

1 For the M series, when the setting of 
parameter No. 6255 or 6256 is 0, the setting 
of parameter No. 6254 is used. 


2 Seta radius value regardless of whether 
diameter or radius programming is specified. 


6287 Positional deviation limit in torque limit skip 





[Input type] Parameter input 
[Data type] | 2-word axis 
[Unit of data] Detection unit 
[Valid data range] 0 to 327670 

This parameter sets a positional deviation limit for each axis imposed 
when torque limit skip is specified. When the actual positional 
deviation exceeds the positional deviation limit, the alarm (SV0004) is 
issued and an immediate stop takes place. 
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RGB value of color palette 1 for text 
to 
RGB value of color palette 15 for text 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
2-word 
0 to 151515 
Each of these parameters sets the RGB value of each color palette for 
text by specifying a 6-digit number as described below. 
rrggbb: 6-digit number (rr: red data, gg: green data, bb: blue data) 
The valid data range of each color is 0 to 15 (same as the tone levels 
on the color setting screen). When a number equal to or greater than 
16 is specified, the specification of 15 is assumed. 
Example) 
When the tone level of a color is: red:1 green:2, blue:3, set 10203 
in the parameter. 


#7 #6 #5 #4 #3 #2 #1 #0 
aaa ea eas (a (ee ee 


[Input type] 
[Data type] 


#0 PCM 


Parameter input 
Bit path 


M code that counts the total number of machined parts and the number 
of machined parts 

0: M02, or M30, or an M code specified by parameter No.6710 

1: Only M code specified by parameter No.6710 


6710 M code that counts the number of machined parts 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

2-word path 

0 to 999999999 

The total number of machined parts and the number of machined 
parts are counted (+1) when the M code set is executed. 


NOTE 
The setting of 0 is invalid (no count operation is 
performed with M00.) Moreover, M98, M99, M198 
(external device subprogram calling), and M codes 


used for subprogram calling and macro calling 
cannot be set as M codes for count-up operation. 
(Even when such an M code is set, count-up 
operation is not performed, ignoring the M code.) 
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6711 Number of machined parts 


[Input type] Setting input 
[Data type] 2-word path 
[Valid data range] 0 to 999999999 
The number of machined parts is counted (+1) together with the total 
number of machined parts when the M02, M30, or a M code specified 
by parameter No.6710 is executed. 


NOTE 
The number of parts is not counted for M02, M03, 


when bit 0 (PCM) of parameter No. 6700 is set to 
ie 





6712 Total number of machined parts 


[Input type] Setting input 
[Data type] 2-word path 
[Valid data range] 0 to 999999999 
This parameter sets the total number of machined parts. 
The total number of machined parts is counted (+1) when M02, M30, 
or an M code specified by parameter No.6710 is executed. 


NOTE 
The number of parts is not counted for M02, M30, 


when bit 0 (PCM) of parameter No. 6700 is set to 
1 





6713 Number of required parts 


[Input type] Setting input 
[Data type] 2-word path 
[Valid data range] 0 to 999999999 

This parameter sets the number of required machined parts. 
Required parts finish signal PRTSF <F0062#7> is output to PMC 
when the number of machined parts reaches the number of required 
parts. The number of parts is regarded as infinity when the number of 
required parts is zero. The PRTSF signal is then not output. 


6750 Integrated value of power-on period 


[Input type] Parameter input 
[Data type] 2-word path 
[Unit of data] min 
[Valid data range] 0 to 999999999 
This parameter displays the integrated value of power-on period. 
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6751 Operation time (integrated value of time during automatic operation) 1 


[Input type] Setting input 
[Data type] 2-word path 
[Unit of data] msec 
[Valid data range] 0 to 59999 
For details, see the description of parameter No. 6752. 


6752 Operation time (integrated value of time during automatic operation) 2 


[Input type] Setting input 
[Data type] | 2-word path 
[Unit of data] min 
[Valid data range] 0 to 999999999 

This parameter displays the integrated value of time during automatic 
operation (neither stop nor hold time included). 
The actual time accumulated during operation is the sum of this 
parameter No. 6751 and parameter No. 6752. 


6753 Integrated value of cutting time 1 


[Input type] Setting input 
[Data type] 2-word path 
[Unit of data] msec 
[Valid data range] 0 to 59999 
For details, see the description of parameter No. 6754. 


6754 Integrated value of cutting time 2 


[Input type] Setting input 
[Data type] 2-word path 
[Unit of data] min 
[Valid data range] 0 to 999999999 

This parameter displays the integrated value of a cutting time that is 
performed in cutting feed such as linear interpolation (G01) and 
circular interpolation (G02 or G03). 
The actual time accumulated during cutting is the sum of this 
parameter No. 6753 and parameter No. 6754. 


#7 #6 #5 #4 #3 #2 #1 #0 
[eee (ee tear (ene eed Fo (ee 
[Input type] Parameter input 
[Data type] Bit path 


#2 LVF When the life of a tool is counted in terms of time with the tool 
management function, the tool life count override signals *TLVO to 
*TLV9<G049#0 to G050#1> are: 

0: Invalid. 
1: Valid. 
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6930 Maximum value of the operating range of the 1-st position switch (PSW101) 
6931 Maximum value of the operating range of the 2-nd position switch (PSW102) 
Maximum value of the operating range of the 16-th position switch (PSW116) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

mm, inch, degree (machine unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the maximum value of the operating range of the first to sixteenth 
position switches. 


NOTE 
1 Fora diameter-specified axis, use radius values to 
specify the parameters used to set the maximum 


and minimum values of an operating range. 
2 The position switch function is enabled upon 
completion of reference position return. 





Minimum value of the operating range of the 1-st position switch (PSW201) 
Minimum value of the operating range of the 2-nd position switch (PSW202) 
Minimum value of the operating range of the 16-th position switch (PSW216) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

mm, inch, degree (machine unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the minimum value of the operating range of the first to sixteenth 
position switches. 


NOTE 
1 Fora diameter-specified axis, use radius values to 
specify the parameters used to set the maximum 


and minimum values of an operating range. 
2 The position switch function is enabled upon 
completion of reference position return. 
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[Input type] 
[Data type] 


#2 JST 


[Input type] 
[Data type] 
#0 JMF 
#1 JSF 
# 2 JTF 
#3 JBF 


[Input type] 
[Data type] 


#3 BCG 


APPENDIX B-63944EN/02 


#7 #6 #5 #4 #3 #2 #1 #0 
ee eae (ee ee ee 
Parameter input 
Bit path 


In manual numerical specification, the STL signal indicating that 
automatic operation is being started is: 

0: Not output. 

1: Output. 


#7 #6 #5 #4 #3 #2 #1 #0 
Os 
Parameter input 
Bit path 


In manual numerical specification, M function specification is: 
0: Allowed. 
1: Not allowed. 


In manual numerical specification, S function specification is: 
0: Allowed. 
1: Not allowed. 


In manual numerical specification, T function specification is: 
0: Allowed. 
1: Not allowed. 


In manual numerical specification, B function specification is: 
0: Allowed. 
1: Not allowed. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ees eee (ea ee ee ee 
Parameter input 
Bit path 


The bell-shaped acceleration/deceleration time constant change 
function is: 

0: Disabled. 

1: Enabled. 
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[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


[Input type] 
[Data type] 


#0 JHD 


#1 THD 


[Input type] 
[Data type] 


#0 HNGx 


[Input type] 
[Data type] 


#1 RTH 


APPENDIX 


Setting input 

Real path 

mm/min, inch/min, degree/min (input unit) 

Depend on the increment system of the reference axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

This parameter is used when the pre-interpolation bell-shaped 
acceleration/deceleration time constant change function is used. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee ee 
Parameter input 
Bit path 


Manual handle feed in JOG feed mode or incremental feed in the 
manual handle feed 

0: Invalid 

1: Valid 


In the TEACH IN JOG mode, the manual pulse generator is: 
0: Disabled. 
1: Enabled. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee 
Parameter input 
Bit axis 


Axis movement direction for rotation direction of manual pulse 
generator 

0: Same in direction 

1: Reverse in direction 


#7 #6 #5 #4 #3 #2 #1 #0 
a 
Parameter input 
Bit path 


By a reset or emergency stop, the amount of manual handle 
interruption is: 

0: Not canceled. 

1: Canceled. 
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#2 HNT 


#3 HIT 


When compared with the travel distance magnification selected by the 
manual handle feed travel distance selection signals (incremental feed 
signals) (MP1, MP2), the travel distance magnification for 
incremental feed/manual handle feed is: 

0: Same. 

1: 10 times greater. 


When compared with the travel distance magnification selected by the 
manual handle feed travel distance selection signals (incremental feed 
signals (MP1, MP2), the travel distance magnification for manual 
handle interrupt is: 

0: Same. 

1: 10 times greater. 


7117 Allowable number of pulses that can be accumulated during manual handle 
feed 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word path 

Pulse 

0 to 999999999 

This parameter sets the number of pulses from the manual pulse 
generator that exceed the rapid traverse rate and can be accumulated 
without being discarded if manual handle feed faster than the rapid 
traverse rate is specified. 


0: 
The feedrate is clamped to the rapid traverse rate. Those handle 
pulses that exceed the rapid traverse rate are ignored. (The scale 
reading of the manual pulse generator may not match the travel 
distance.) 

Other than 0: 


The feedrate is clamped to the rapid traverse rate. However, 
those handle pulses that exceed the rapid traverse rate are not 
ignored. In connection with the manual handle feed travel 
distance selection signals MP1 and MP2 <G019#4, #5>, the 
incremental feed amount is determined as described below. 
(Even if the rotation of the manual pulse generator is stopped, the 
tool stops after moving by the number of pulses accumulated in 
the CNC.) 


Let m be the magnification based on MP1 and MP2 <G019#4, #5>, 
and let n be the value set in parameter No. 7117. Then, the manual 
handle increment feed amount is: 
When n < m: 

Clamped to the value set in parameter No. 7117. 
When n> m: 

Clamped to a multiple of the selected magnification. 
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#7 


#6 #5 #4 #3 #2 #1 #0 
| | or7 | ops | ors | ops | ops | op2 | opt | 


[Input type] Parameter input 
[Data type] Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#0 OP1 Mode selection on software operator's panel 
0: Not performed 
1: Performed 


#1 OP2 JOG feed axis select and manual rapid traverse select on software 
operator's panel 
0: Not performed 
1: Performed 


#2 OP3 Manual pulse generator's axis select and manual pulse generator's 
magnification select on software operator's panel 
0: Not performed 
1: Performed 


#3 OP4 JOG feedrate override select, feedrate override select, and rapid 
traverse override select on software operator's panel 
0: Not performed 
1: Performed 


#4 OP5 Optional block skip select, single block select, machine lock select, 
and dry run select on software operator's panel 
0: Not performed 
1: Performed 


#5 OP6 Protect key on software operator's panel 
0: Not performed 
1: Performed 


# 6 OP7 Feed hold on software operator's panel 


0: Not performed 
1: Performed 
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7210 Job-movement axis and its direction on software operator's panel “tT” 
7211 Job-movement axis and its direction on software operator's panel “{” 
7212 Job-movement axis and its direction on software operator's panel “—>” 


[_ra3_| 


[Input type] 
[Data type] 
[Valid data range] 


Setting 
value 


Job-movement axis and its direction on software operator's panel “<” 


Job-movement axis and its direction on software operator's panel VE 





Job-movement axis and its direction on software operator's panel fl» 











Job-movement axis and its direction on software operator's panel a NY 


Job-movement axis and its direction on software operator's panel “f? 7 








Parameter input 

Byte path 

0 to 8 

On software operator's panel, set a feed axis corresponding to an 
arrow key on the MDI panel when jog feed is performed. 


Allow keys on the MDI panel 
Feed axis and direction 





0 


A 


8 


Not moved 





First axis, positive direction 





First axis, negative direction 





Second axis, positive direction 





Second axis, negative direction 





Third axis, positive direction 





Third axis, negative direction 





Fourth axis, positive direction 


n+ 





CO} N|/ OD] om} RR] ow! hm] = 








SPIE 
ARIE 


Fourth axis, negative direction 


Example) 

Under X, Y, and Z axis configuration, to set arrow keys to feed 
the axes in the direction specified as follows, set the parameters 
to the values given below. [81] to the positive direction of the Z 
axis, [2\] to the negative direction of the Z axis, [6—] to the 
positive direction of the X axis [4<-] to the negative direction of 
the X axis, ne ] to the positive direction of the Y axis, [97 ] to 
the negative direction of the Y axis 

Parameter No.7210 = 5 (Z axis, positive direction) 

Parameter No.7211 = 6 (Z axis, negative direction) 

Parameter No.7212 = 1 (X axis, positive direction) 

Parameter No.7213 = 2 (X axis, negative direction) 

Parameter No.7214 = 3 (Y axis, positive direction) 

Parameter No.7215 = 4 (Y axis, negative direction) 

Parameter No.7216 = 0 (Not used) 

Parameter No.7217 = 0 (Not used) 
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#7 


#6 #5 #4 #3 #2 #1 #0 
MOP moar = Sai Se NE = 


[Input type] Parameter input 
[Data type] Bit path 


# 6 MOA _In program restart operation, before movement to a machining restart 
point: 
0: The last M, S, T, and B codes are output. 
1: All M codes and the last S, T, and B codes are output. 
This parameter is enabled when the MOU parameter is set to 1. 
#7 MOU _In program restart operation, before movement to a machining restart 
point after restart block search: 
0: The M, S, T, and B codes are not output. 
1: The last M, S, T, and B codes are output. 


ain Ordinal number of an axis along which a movement is made in dry run after 
program restart 


[Input type] Setting input 
[Data type] Byte axis 
[Valid data range] 1 to (Number of controlled axes) 
This parameter sets the ordinal number of an axis along which a 
movement is made in dry run after the program is restarted. 


#7 #6 #5 #4 #3 #2 #1 #0 
ee (a ea (re [ee eee ee 
[Input type] Parameter input 
[Data type] Bit path 


#7 PLZ _ Reference position return based on a G28 command on the tool 
rotation axis for polygon turning is: 
0: Performed in the same sequence as manual reference position 

return. 

1: Performed by positioning using the rapid traverse rate. 
The synchronous axis returns to the reference position in the same 
sequence as the manual reference position return when no 
return-to-reference position is performed after the power is turned on. 
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[Data type] 
[Valid data range] 
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7610 Control axis number of tool rotation axis for polygon turning 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

Byte path 

1 to number of controlled axes 

This parameter sets the control axis number of a rotation tool axis 
used for polygon turning. 

However, when a G51.2 command is executed by setting 0 in this 
parameter, operation stops with the alarm (PS0314). 


7640 Master axis in spindle-spindle polygon turning 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Byte path 

0 to Maximum number of controlled axes (Within a path) 

This parameter sets the master axis in spindle-spindle polygon turning. 


NOTE 


1 


2 


Spindle-spindle polygon turning is enabled only for serial 
spindles. 

When any one of parameter No. 7640 and No. 7641 is 
set to 0, polygon turning is performed using the first 
spindle (master axis) and the second spindle (polygon 
synchronous axis) in the path to which the parameter 
belongs. 

When a spindle other than the first serial spindle is used 
as a master axis, the multi-spindle control option is 
required to specify an S command for the master axis. 
When the PMC window function or G10 command is 
used to rewrite this parameter, rewrite this parameter 
before the block specifying the spindle-spindle polygon 
command G51.2. When the PMC window function is 
used to rewrite this parameter in the block immediately 
before G51.2, specify the rewriting of this parameter by 
using an M code (parameter No. 3411 and up) without 
buffering. 
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7641 Polygon synchronous axis in spindle-spindle polygon turning 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 0 to Maximum number of controlled axes (Within a path) 
This parameter sets the polygon synchronous (slave) axis in 
spindle-spindle polygon turning. 


NOTE 

1 Spindle-spindle polygon turning is enabled only for serial 
spindles. 

2 When any one of parameter No. 7640 and No. 7641 is 
set to 0, polygon turning is performed using the first 
spindle (master axis) and the second spindle (polygon 
synchronous axis) in the path to which the parameter 
belongs. 

When a spindle other than the first serial spindle is used 
as a master axis, the multi-spindle control option is 
required to specify an S command for the master axis. 
When the PMC window function or G10 command is 
used to rewrite this parameter, rewrite this parameter 
before the block specifying the spindle-spindle polygon 
command G51.2. When the PMC window function is 
used to rewrite this parameter in the block immediately 
before G51.2, specify the rewriting of this parameter by 
using an M code (parameter No. 3411 and up) without 
buffering. 
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7645 Master axis in spindle-spindle polygon turning (spindle number common to 
the system) 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 0 to Maximum number of controlled axes (Common to the system) 
This parameter sets the master axis in spindle-spindle polygon turning. 


NOTE 

1 Spindle-spindle polygon turning is enabled only for 
serial spindles. 

2 This parameter is invalid if either parameter No. 
7642 or No.7643 is set to 0. In this case, the 
settings of parameter No. 7640 and No.7641 are 
valid. 

When a spindle other than the first serial spindle is 
used as a master axis, the multi-spindle control 
option is required to specify an S command for the 
master axis. 

When the PMC window function or G10 command 
is used to rewrite this parameter, rewrite this 
parameter before the block specifying the 
spindle-spindle polygon command G51.2. When 
the PMC window function is used to rewrite this 
parameter in the block immediately before G51.2, 
specify the rewriting of this parameter by using an 
M code (parameter No. 3411 and up) without 
buffering. 

A spindle number common to the system is to be 
set in this parameter. When using this parameter, 
set 0 in parameter No. 7640 and No. 7641. 
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7643 Polygon synchronous axis in spindle-spindle polygon turning 


[Input type] 


B-63944EN/02 


[Valid 


#0 


#2 


[Data type] 
data range] 





Parameter input 

Byte path 

0 to Maximum number of controlled axes (Common to the system) 
This parameter sets the polygon synchronous (slave) axis in 
spindle-spindle polygon turning. 


NOTE 

1 Spindle-spindle polygon turning is enabled only for 
serial spindles. 

2 This parameter is invalid if either parameter No. 7642 
or No.7643 is set to 0. In this case, the settings of 
parameter No. 7640 and No.7641 are valid. 

When a spindle other than the first serial spindle is 
used as a master axis, the multi-spindle control 
option is required to specify an S command for the 
master axis. 


When the PMC window function or G10 command is 


used to rewrite this parameter, rewrite this parameter 
before the block specifying the spindle-spindle 
polygon command G51.2. When the PMC window 
function is used to rewrite this parameter in the block 
immediately before G51.2, specify the rewriting of 
this parameter by using an M code (parameter No. 
3411 and up) without buffering. 

A spindle number common to the system is to be set 
in this parameter. When using this parameter, set 0 
in parameter No. 7640 and No. 7641. 


#7 


#6 #5 #4 #3 #2 #1 #0 
5 SR 


[Input type] 


[Data type] 


HBR 


HDR 


Parameter input 
Bit path 


When the electric gear box (EGB) function is used, performing a 

reset: 

0: Cancels the synchronous mode (G81 or G81.5). 

1: Does not cancel the synchronous mode. The mode is canceled 
only by the G80 or G80.5 command. 


Direction for compensation for a helical gear (usually, set 1.) 
(Example) To cut a left-twisted herical gear when the direction of 
rotation about the C-axis is the negative (-) direction: 

0: Set a negative (-) value in P. 

1: Set a positive (+) value in P. 
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When HDR = 1 
(a) (b) (c) @ 
Cr4+,Z24,P i+ C24 eZ: Ct Z- Pit. C:+,Z:-,P:- 

-z Compensation direction:+ Goipametes ie Compensation direction:- Compensation direction:+ 
(e) (f) (g) (h) 
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OeyiZet, Pat Zi4) Ps CrZin, Pat Cia Zs -eP a= 

Zz C : Compensation direction:- Saas direction:+ Compensation ‘direction: + Compensation direction:- 
When HDR = 0 ((a), (b), (c), and (d) are the same as when HDR = 1) 
(e) (g) (h) 

12 -C -C c 
C:-,Z:+,Pi+ C:-,Z:+,P:- C:-,Z:-,P:i+ C:-,Z:-,P:- 

-z Compensation direction:+ Compensation direction:- Compensation direction:- Compensation direction:+ 


#7 #6 #5 #4 #3 #2 #1 #0 
ae ees |  (E*  e  ee 
[Input type] Parameter input 
[Data type] Bit path 


#3 LZR When L (number of hob threads) = 0 is specified at the start of EGB 
synchronization (G81): 
0: Synchronization is started, assuming that L = 1 is specified. 
1: Synchronization is not started, assuming that L = 0 is specified. 
However, helical gear compensation is performed. 


#7 #6 #5 #4 #3 #2 #1 #0 
| pH | pos |] arr ||| TO 
[Input type] Parameter input 
[Data type] Bit path 
#0 TDP The specifiable number of teeth, T, of the electric gear box (G81) is: 


0: 1 to 1000 
1: 0.1 to 100 (1/10 of a specified value) 


NOTE 


In either case, a value from 1 to 1000 can be 
specified. 
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#3 


# 6 


#7 


ART 


PHS 


PHD 


[Input type] 


#0 


#1 


#2 


[Data type] 


ERV 


ARE 


ARO 


APPENDIX A.PARAMETERS 


The retract function executed when a servo spindle alarm is issued is: 
0: Disabled. 
1: Enabled. 


When the G81/G80 block contains no R command: 

0: Acceleration/deceleration is not performed at the start or 
cancellation of EGB synchronization. 

1: Acceleration/deceleration is performed at the start or cancellation 
of EGB synchronization. After acceleration at the start of 
synchronization, phase synchronization is automatically 
performed. 


The direction of movement for automatic phase synchronization is: 
0: Positive (+). 
1: Negative (-). 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee es 
Parameter input 
Bit path 


During EGB synchronization (G81), feed per revolution is performed 
for: 

0: Feedback pulses. 

1: Pulses converted to the speed for the workpiece axis. 


The retract function executed when a servo spindle alarm is issued 

retracts the tool during: 

0: EGB_ synchronization or automatic operation (automatic 
operation signal OP = 1). 

1: EGB synchronization. 


The retract function executed when a servo spindle alarm is issued 

retracts the tool during: 

0: _EGB synchronization. 

1: EGB_ synchronization and automatic operation (automatic 
operation signal OP = 1). 

The following table lists the parameter settings and corresponding 

operation. 


Operation 
During EGB synchronization 
During EGB synchronization and 
automatic operation 
During EGB synchronization or 
automatic operation 
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7710 


[Input type] 


[Valid 


#0 


[Data type] 
data range] 
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NOTE 

1 Parameters ARE and ARO are valid when bit 3 
(ART) of parameter No. 7702 is set to 1 (when the 
retract function executed when a servo spindle 
alarm is issued is enabled). 


2 This parameter is valid when bit 1 (ARE) of 
parameter No. 7703 is set to 1. 


Axis number of an axis to be synchronized using the method of command 





specification for a hobbing machine 


Parameter input 
2-word path 
0 to Number of controlled axes 
When there are several groups of axes to be synchronized (the axes for 
which bit 0 (SYNMOD) of parameter No. 2011 is set to 1), an axis for 
which to start synchronization is specified using the following 
command (for a hobbing machine): 
G81 TtLil ; 

t: Spindle speed (1 <t< 1000) 

I: Number of synchronized axis rotations (1 <1 < 21) 





Synchronization between the spindle and a specified axis is 
established with the ratio of +/ rotations about the synchronized axis 
to t spindle rotations. 

t and / correspond to the number of teeth and the number of threads on 
the hobbing machine, respectively. 

When there are several groups of axes to be synchronized and the 
above command is issued without setting this parameter, the alarm 
(PS1593) is issued. 

When only one group of axes is to be synchronized, this parameter is 
ignored. 


#7 


#6 #5 #4 #3 #2 #1 #0 
a ee es a 


[Input type] 


[Data type] 


EFX 


Parameter input 
Bit path 


As the EGB command: 


0: G80 and G81 are used. 
1: G80.8 and G81.8 are used. 


NOTE 


When this parameter is set to 0, no drilling canned 
cycle can be used. 





- 1484 - 


B-63944EN/02 


#3 ECN 
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When the automatic phase synchronization function for the electric 
gear box is disabled, during EGB synchronization, the G81 or G81.5 
command: 

0: Cannot be issued again. (The alarm (PS1595) is issued.) 

1: Can be issued again. 


7740 Feedrate during retraction 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

This parameter sets the feedrate during retraction for each axis. 


7772 Number of position detector pulses per rotation about the tool axis 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

2-word path 

1 to 999999999 

This parameter sets the number of pulses per rotaiton about the tool 
axis (on the spindle side), for the position detector. 

For an A/B phase detector, set this parameter with four pulses 
equaling one A/B phase cycle. 


7773 Number of position detector pulses per rotation about the workpiece axis 


[Input type] 
[Data type] 
[Valid data range] 


Command 


Z pulses 
Slave axis 


Parameter input 

2-word path 

1 to 999999999 

This parameter sets the number of pulses per rotation about the 
workpiece axis (on the slave side), for the position detector. 

Set the number of pulses output by the detection unit. 

Set parameters Nos. 7772 and 7773 when using the G81 EGB 
synchronization command. 


(Example 1) 
When the EGB master axis is the spindle and the EGB slave axis is 
the C-axis 
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Gear ratio of the spindle to the detector B: 
1/1 (The spindle and detector are directly connected to each 
other.) 
Number of detector pulses per spindle rotation B: 80,000 pulses/rev 
(Calculated for four pulses for one A/B phase cycle) 
FFG N/M of the EGB dummy axis: 1/1 
Gear ratio of the C-axis A: 1/36 (One rotation about the C-axis to 36 
motor rotations) 
Number of detector pulses per C-axis rotation a: 1,000,000 pulses/rev 
C-axis CMR: 1 
C-axis FFG n/m: 1/100 


In this case, the number of pulses per spindle rotation is: 
80000 x 1/1 = 80000 

Therefore, set 80000 for parameter No. 7772. 

The number of pulses per C-axis rotation in the detection unit is: 
1000000 + 1/36 x 1/100 = 360000 

Therefore, set 360000 for parameter No. 7773. 


(Example 2) 
When the gear ratio of the spindle to the detector B is 2/3 for the 
above example (When the detector rotates twice for three spindle 





rotations) 
In this case, the number of pulses per spindle rotation is: 
80000 x 2 eo 


160000 cannot be divided by 3 without a remainder. In this case, 
change the setting of parameter No. 7773 so that the ratio of the 
settings of parameters Nos. 7772 and 7773 indicates the value you 
want to set. 


No.5996 _ aes _ 160000 _ 160000 

No.5997 360000 + 360000x3 1080000 
Therefore, set 160000 for parameter No. 7772 and 1080000 for 
parameter No. 7773. 
As described above, all the settings of parameters Nos. 7772 and 7773 
have to do is to indicate the ratio correctly. So, you can reduce the 
fraction indicated by the settings. For example, you may set 16 for 
parameter No. 7772 and 108 for parameter No. 7773 for this example. 





7776 Feedrate during automatic phase synchronization for the workpiece axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

deg/min 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

This parameter sets the feedrate during automatic phase 
synchronization for the workpiece axis. 

When this parameter is set to 0, the rapid traverse rate (parameter No. 
1420) is used as the feedrate during automatic phase synchronization. 
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7777 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 
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Angle shifted from the spindle position (one-rotation signal position) the 


workpiece axis uses as the reference of phase synchronization 





Parameter input 

Real path 

deg 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets the angle shifted from the spindle position 
(one-rotation signal position) the workpiece axis uses as the reference 
of phase synchronization. 


7778 Acceleration for acceleration/deceleration for the workpiece axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

deg/sec/sec 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (D) 

(For a millimeter machine, 0.0 to +100000.0, for an inch machine, 0.0 
to +10000.0) 

This parameter sets an acceleration for acceleration/deceleration for 
the workpiece axis. 


7782 Number of pulses from the position detector per EGB master axis rotation 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

2-word axis 

1 to 999999999 

This parameter sets the number of pulses from the position detector 
per EGB master axis rotation. 

For an A/B phase detector, set this parameter with four pulses 
equaling one A/B phase cycle. 


7783 Number of pulses from the position detector per EGB slave axis rotation 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word axis 

Detection unit 

1 to 999999999 

This parameter sets the number of pulses from the position detector 
per EGB slave axis rotation. 

Set the number of pulses output by the detection unit. 

Set this parameter when using the G81.5 EGB synchronization 
command. 

The method for setting parameters Nos. 7782 and 7783 is the same as 
for parameters Nos. 7772 and 7773. For the method, see the 
description of parameters Nos. 7772 and 7773. 
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The ratio of the number of pulses for the master slave to that of pulses 
for the slave axis may be valid, but the settings of the parameters may 
not indicate the actual number of pulses. For example, the number of 
pulses may not be able to be divided without a remainder for the 
reason of the master and slave axis gear ratios as described in example 
2. In this case, the following methods cannot be used for the G81.5 
command: 


G81.5 T__ C___ ; When the speed is specified for the master axis 
and the travel distance is specified for the slave axis 

G81.5 P__ CO L_ _ _— ; When the number of pulses is specified 
for the master axis and the speed is specified for the slave axis 


#7 


#6 #5 #4 #3 #2 #1 #0 
pT Re | ve || me 


[Input type] 
[Data type] 


#0 MLE 


#2 OVE 


Parameter input 
Bit path 


Whether all axis machine lock signal MLK is valid for 
PMC-controlled axes 

0: Valid 

1: Invalid 

The axis-by-axis machine lock signal MLKx depends on the setting of 
bit 1 of parameter No. 8006. 


Signals related to dry run and override used in PMC axis control 

0: Same signals as those used for the CNC 

1: Signals specific to the PMC 

The signals used depend on the settings of these parameter bits as 
indicated below. 


No.8001#2=0 No.8001#2=1 


Signals (same signals as those (signals specific to the 


used for the CNC) PMC) 





Feedrate override signals *FVOto*FV7 G012 *EFVOto*EFV7 G151 





Override cancellation signal OVC GO006#4 EOVC G150#5 





Rapid traverse override signals ROV1,2 G014#0,1 EROV1,2 G150#0,1 





Dry run signal 


DRN G46#7 EDRN G150#7 














Rapid traverse selection signal RT G19#7 ERT G150#6 


(The signal addresses at PMC selection time are for the first group.) 


#3 RDE Whether dry run is valid for rapid traverse in PMC axis control 


0: Invalid 
1: Valid 
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[Input type] 

[Data type] 
# 0 RPD 
# 3 F10 
#4 PFI 
#5 PF2 
# 6 FRI 
#7 FR2 


[Input type] 
[Data type] 


# 6 NCI 


#7 #6 #5 #4 #3 #2 #1 #0 
| FR2 | pri | pre | prt | roo | | | RPD 
Parameter input 
Bit path 


Rapid traverse rate for PMC-controlled axes 

0: Feedrate specified with parameter No. 1420 

1: Feedrate specified with the feedrate data in an axis control 
command by PMC 


Least increment for the feedrate for cutting feed (per minute) in PMC 
axis control 

The following settings are applied when bit 4 (PF1) of parameter No. 
8002 is set to 0 and bit 5 (PF2) of parameter No. 8002 is set to 0. 


Millimeter input 
(mm/min) 
Inch input 
(inch/min) 
































Set the feedrate unit of cutting feedrate (feed per minute) for an axis 
controlled by the PMC. 

P8002#5 | P8002#4 Fasdratecunit 

1/1 

1/10 

1/100 

1 / 1000 




















Set the feedrate unit for cutting feedrate (feed per rotation) for an axis 
controlled by the PMC. 
P8002#7 | P8002#6 | Millimeter input | Inch input 
(mm/rev) (inch/rev) 
0.000001 


0.00001 
0.0001 























#7 #6 #5 #4 #3 #2 #1 #0 


Pama a (| Pea Sa 


Parameter input 
Bit path 


In axis control by the PMC, a position check at the time of 
deceleration is: 

0: Performed. 

1: Not performed. 
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#7 #6 #5 #4 #3 #2 #1 #0 
cee ane eas aS |e i SE 
[Input type] Setting input 
[Data type] Bit path 


#0 EDC _Inaxis control by the PMC, an external deceleration function is: 
0: Disabled. 
1: Enabled. 


#7 #6 #5 #4 #3 #2 #1 #0 
Fa 2a Be | Le 
[Input type] Parameter input 


[Data type] Bit path 


#4 EFD When cutting feed (feed per minute) is used in PMC axis control, the 
specification unit of feedrate data is: 
0: Unchanged (1 times). 
1: 100 times greater. 


NOTE 


When this parameter is set to 1, bit 3 of parameter 
No. 8002 is invalid. 





# 6 EZR In PMC axis control, bit 0 (ZRNx) of parameter No. 1005 is: 


0: Invalid. 
With a PMC controlled axis, the alarm (PS0224) is not issued. 
1: Valid. 


A reference position return state check is made on a PMC 
controlled axis as with an NC axis according to the setting of bit 
0 (ZRNx) of parameter No. 1005. 


#7 


#6 #5 #4 #3 #2 #1 #0 
a 


[Input type] Parameter input 
[Data type] Bit axis 


#0 =EMRx When a PMC axis control command is issued in mirror image state, 
the mirror image is: 
0: Not considered. 
1: Considered. 
This parameter is valid in the mirror image mode set with the mirror 
image signals MI1 to MI8 (G106#0 to 7) set to 1 or bit 0 (MIRx) of 
parameter No. 12 set to 1. 
If a movement is made along the same axis by doubly specifying a 
command with the CNC and PMC axis control when this parameter is 
set to 0, and the mirror image mode is set, a coordinate shift can occur 
afterwards. So, do not attempt to make such a movement. 
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[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Byte axis 

1 to 40 

Specify the DI/DO group to be used to specify a command for each 
PMC-controlled axis. 

For addresses of the fifth group and up, 1000 is added in steps of 4 
groups. 

For example: 

The start address of the 10th group is G2154. 

The start address of the 25th axis is G6142. 


DI/DO 1st group (G142 to G153) is used. 
DI/DO 2nd group (G154 to G165) is used. 
DI/DO 3rd group (G166 to G177) is used. 
DI/DO 4th group (G178 to G189) is used. 
DI/DO 5th group (G1142 to G1153) is used. 
DI/DO 6th group (G1154 to G1165) is used. 























DI/DO 13th group (G3142 to G3153) is used. 








DI/DO 20th group (G4178 to G4189) is used. 
DI/DO 21st group (G5142toG5153) is used. 











DI/DO 29th group (G7142toG7153) is used. 





DI/DO 35th group (G8166toG8177) is used. 
DI/DO 36th group (G8178toG8189) is used. 
DI/DO 37th group (G9142toG9153) is used. 
DI/DO 38th group (G9154toG9165) is used. 
DI/DO 39th group (G9166toG9177) is used. 
DI/DO 40th group (G9178toG9189) is used. 




















NOTE 
When a value other than the above is set, the axis 
is not controlled by the PMC. 
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#7 #6 #5 #4 #3 #2 #1 #0 
aa Ca |) (a |e 
[Input type] Parameter input 
[Data type] Bit axis 


#0 XRT The axis that uses the group specified by parameter No. 8010 is: 
0: Not controlled by the real time custom macro. 
1: Controlled by the real time custom macro. 


NOTE 

1 This parameter is invalid for the axis for which 0 ora 
value outside the range is set by parameter No. 
8010 
When multiple axes are assigned to the same group 
by parameter No. 8010, these axes cannot be 
controlled by the real time custom macro. When 


multiple axes are assigned to the same group, be 
sure to set this bit to 0. 

3 When this parameter (No. 8011) is all Os, the axis is 
used for PMC axis control. 


Time constant for exponential acceleration/deceleration in cutting feed or 
sity continuous feed under PMC axis control 
[Input type] Parameter input 
[Data type]  2-word axis 
[Unit of data] msec 
[Valid data range] 0 to 4000 
For each axis, this parameter sets a time constant for exponential 


acceleration/deceleration in cutting feed or continuous feed under 
PMC axis control. 





NOTE 
When 0 is set in this parameter, the value set in 
parameter No. 1622 is used. 


The value set in parameter No. 1622 is used also 
for linear acceleration/deceleration after cutting 
interpolation. 
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#7 #6 #5 #4 #3 #2 #1 #0 
fa aE eT = ss N= aoe 
[Input type] Parameter input 


[Data type] Bit 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#1 MWP To specify a P command for the waiting M code/balance cut: 
0: A binary value is used as conventionally done. 
1: A path number combination is used. 


8110 Waiting M code range (minimum value) 
Waiting M code range (maximum value) 


[Input type] Parameter input 
[Data type] 2-word 
[Valid datarange] 0 ,100to99999999 

A range of M code values can be set by specifying a minimum waiting 
M coder value (parameter No. 8110) and a maximum waiting M code 
value (parameter No. 8111). 
(parameter No. 8110) < (waiting M code) < (parameter No. 8111) 
Set 0 in these parameters when the waiting M code is not used. 


#7 #6 #5 #4 #3 #2 #1 #0 
pe ee 
[Input type] Parameter input 


[Data type] Bit axis 


#2 PKUx _ In the parking state, 
0: The absolute, relative, and machine coordinates are not updated. 
1: The absolute and relative coordinates are updated. The machine 
coordinates are not updated. 
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NOTE 

1 With an axis for which polar coordinate interpolation 
is specified, set this parameter to 1. If this 
parameter is set to 0, a coordinate shift can occur 
when a single block stop or feed hold is performed in 
the polar coordinate interpolation mode. 
With an axis that is set to function as a synchronous 


master axis and synchronous slave axis at the same 
time (with bit 1 (SYWx) of parameter No. 8167), set 
this parameter to 1. 

With an axis specified in the three-dimensional 
coordinate conversion mode, set this parameter to 1. 
If this parameter is set to 0, the alarm (PS0367) is 
issued. 





#7 


#6 #5 #4 #3 #2 #1 #0 
ee ee 


[Input type] 
[Data type] 


#7 NUMx 


Parameter input 
Bit axis 


When neither synchronous control nor composite control is applied, a 
move command for the axis is: 

0: Not disabled. 

1: Disabled. 


NOTE 
If amove command is specified for an axis with 


NUMx set to 1 when neither synchronous control 
nor composite control is applied, alarm PS0353 is 
issued. 





8180 Master axis with which an axis is synchronized under synchronous control 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Word axis 

101, 102, 103, .. . , (path number)* 100+(intra-path relative axis 
number) (101, 102, 103,..., 201, 202, 203, ..., 1001, 1002, 

1003, .. .) 

This parameter sets the path number and intra-path relative axis 
number of the master axis with which each axis is synchronized. 
When zero is specified, the axis does not become a slave axis and is 
not synchronized with another axis. When an identical number is 
specified in two or more parameters, one master axis has two or more 
slave axes. 
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8183 Composite control axis of the other path in composite control for each axis 


[Input type] 
[Data type] 
[Valid data range] 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Word axis 

101, 102, 103, .. . , (path number)*100+(intra-path relative axis 
number) (101, 102, 103, ..., 201, 202, 203,..., 1001, 1002, 

1003, .. .) 

This parameter sets with which axis each axis is to be placed under 
composite control. When zero is specified, control of the axis is not 
replaced under composite control. An identical number can be 
specified in two or more parameters, but composite control cannot be 
exercised for all of tem at a time. 


NOTE 


When using the two-path interface, set this 
parameter for path 2. 


8186 Master axis under superimposed control 





Parameter input 

Word axis 

101, 102, 103, .. . , (path number)* 100+(intra-path relative axis 
number) (101, 102, 103, ..., 201, 202, 203, ..., 1001, 1002, 

1003, .. .) 

This parameter sets the path number and intra-path relative axis 
number of a superimposed master axis for each axis when 
superimposed control is exercised. When zero is specified, the axis 
does not become a slave axis under superimposed control and the 
move pulse of another axis is not superimposed. 

An identical number can be specified in two or more parameters to 
exercise superimposed control simultaneously. This means that 
superimposed control with one master axis and multiple slave axes is 
possible. 

A slave axis may function as the master axis of another axis to allow 
three-generation superimposed control: parent (master axis) - child 
(slave axis/master axis) - grandchild (slave axis). 


In this case, a movement along the child is made by its travel distance 
plus the travel distance of the parent, and a movement along the 
grandchild is made by its travel distance plus the travel distance of the 
child plus the travel distance of the parent. 


Example of the relationship of parent (X1 of path 1) - child (X2 of 
path 2) - grandchild (X3 of path 3): 
The travel distance of X1 is superimposed on X2, and the travel 
distances of X1 and X2 are further superimposed on X3. 

Parameter No. 8186x of path 2 = 101 

Parameter No. 8186x of path 3 = 201 
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#7 


#6 #5 #4 #3 #2 #1 #0 
OO 


[Input type] 
[Data type] 


#0 AAC 


#2 AZR 


8201 


[Input type] 
[Data type] 
# 0 AOT 
#1 AO2 
#2 AO3 
# 6 A53 


Parameter input 
Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Does not perform angular axis control. 
1: Performs inclined axis control. 


0: The machine tool is moved along the Cartesian axis during 
manual reference position return along the slanted axis under 
angular axis control. 

1: The machine tool is not moved along the Cartesian axis during 
manual reference position return along the slanted axis under 
angular axis control. 


#7 #6 #5 #4 #3 #2 #1 #0 
A53 AO3 AO2 AOT 


Parameter input 
Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Stored stroke limit | under angular axis control is handled as: 
0: Value in the slanted coordinate system. 
1: Value in the Cartesian coordinate system. 


Stored stroke limit 2 under angular axis control is handled as: 
0: Value in the slanted coordinate system. 
1: Value in the Cartesian coordinate system. 


Stored stroke limit 3 under angular axis control is handled as: 
0: Value in the slanted coordinate system. 
1: Value in the Cartesian coordinate system. 


So far, if a slanted axis is singly specified by a machine coordinate 
command (G53) in angular axis control, this parameter set to 0 
specifies that "compensation is applied to the Cartesian axis", and this 
parameter set to | specifies that "a movement is made along the 
slanted axis only". However, the specification has been changed so 
that "a movement is made along the slanted axis only", regardless of 
whether this parameter is set to 0 or 1. 
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Slant angle of a slanted axis in angular axis control 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

Degree 

Depend on the increment system of the applied axis 

-180.000 to 180.000. However, angular axis control is disabled in the 
ranges -95.000 to -85.000 and 85.000 to 95.000 (in the case of IS-B). 


Axis number of a slanted axis subject to angular axis control 
Axis number of a Cartesian axis subject to slanted axis control 


[Input type] 
[Data type] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 
Word path 
1 to number of controlled axes 
When angular axis control is to be applied to an arbitrary axis, these 
parameters set the axis numbers of a slanted axis and Cartesian axis. 
If 0 is set in either of the two parameters, the same number is set in the 
two parameters, or a number other than the controlled axis numbers is 
set in either of the two parameters, a slanted axis and Cartesian axis 
are selected as indicated in the following table: 

Slanted axis Cartesian axis 
Y-axis (axis with 2 set in| Z-axis (axis with 3 set in 
parameter No. 1022) of the | parameter No. 1022) of the basic 





M 
series 


basic three axes three axes 
X-axis (axis with 1 set in| Z-axis (axis with 3. set in 
parameter No. 1022) of the | parameter No. 1022) of the basic 
basic three axes three axes 





t 
series 
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[Input type] 
[Data type] 


#4 SYA 


[Input type] 
[Data type] 


#7 SMA 


[Input type] 
[Data type] 


#0 ATE 
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#7 #6 #5 #4 #3 #2 #1 #0 
ee ae a ee ee ee ee 
Parameter input 
Bit path 


In the servo-off state in feed axis synchronous control, the limit of the 
difference between the positioning deviation of the master axis and 
that of the slave axis is: 

0: Not checked. 

1: Checked. 


#7 #6 #5 #4 #3 #2 #1 #0 
psma | | CUT 
Parameter input 


Bit path 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





When an absolute position detector is attached, and bit 4 (APZ) of 
parameter No. 1815 for an axis in synchronous operation is set to OFF, 
APZ of the pairing axis in synchronous operation is: 

0: Not set to OFF. 

1: Set to OFF. 


#7 


#6 #5 #4 #3 #2 #1 #0 
| sor] | CT Tsar | nts | te 


Parameter input 
Bit axis 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





In feed axis synchronous control, automatic setting for grid 
positioning is: 

0: Disabled 

1: Enabled 

Set this parameter with a slave axis. 
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#1 


#2 


#7 


ATS 


SAF 


SOF 


8304 


[Input type] 


#0 


#2 


[Data type] 


SSA 


ADJ 
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In feed axis synchronous control, automatic setting for grid 
positioning is: 

0: Not started 

1: Started 

Set this parameter with a slave axis. 


NOTE 
When starting automatic setting for grid positioning, 


set ATS to 1. Upon the completion of setting, ATS 
is automatically set to 0. 





In feed axis synchronous control, a movement along a slave axis is: 
0: Not added to actual feedrate display. 

1: Added to actual feedrate display. 

Set this parameter with a slave axis. 


In feed axis synchronous control, the synchronization establishment 
function based on machine coordinates is: 

0: Disabled. 

1: Enabled. 

Set this parameter with a slave axis. 

When using synchronization error compensation, set this parameter to 
0. 


#7 #6 #5 #4 #3 #2 #1 #0 
SYE SMS SCA MVB CLP ADJ SSA 


Parameter input 
Bit axis 


When the one-direction synchronization establishment function under 

feed axis synchronous control is used: 

0: The axis with a larger machine coordinate is used as the 
reference. 

1: The axis with a smaller machine coordinate is used as the 
reference. 


NOTE 
1 When this parameter is set, the power must be 


turned off before operation is continued. 
2 Set this parameter (SSA) to the same value for 
both the master and slave axes. 





In feed axis synchronous control, this parameter specifies an axis 

along which a movement is made in the modification mode. 

0: A movement is not made in the modification mode along the 
axis. 

1: A movement is made in the modification mode along the axis. 

When this parameter is set to 1, the modification mode is set. 

Along an axis with this parameter set to 1, a movement is made by a 

move command for the master axis. 
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#3 


#4 


#5 


# 6 


#7 


CLP 


MVB 


SCA 


SMS 


SYE 
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Set this parameter for one of the master and slave axes. 

When there are multiple slave axes for one master axis, set this 
parameter to 1 for an axis with which a synchronization error 
excessive alarm is issued for recovery. If an alarm is issued with 
multiple axes, modify this parameter after recovery of one axis to 
recover another axis. 


In axis feed synchronous control, synchronization error compensation 
is: 

0: Disabled. 

1: Enabled. 

Set this parameter with a slave axis. 


In the modification mode, a move command in a direction that 
increases a synchronization error is: 

0: Ignored. 

1: Valid. 

When there are multiple slave axes for one master axis, an attempt to 
reduce the synchronous error of a slave axis by a movement along the 
master axis can increase the synchronization error of another slave 
axis. If this parameter is set to 0 in such a case, a movement can be 
made in neither direction along the master axis. In this case, set bit 2 
(ADJ) of parameter No. 8304 to make a movement along a slave axis 
to perform a corrective operation. 


In feed axis synchronous control: 

0: Synchronous operation is performed when the feed axis 
synchronous control manual feed selection signal SYNCJ or the 
feed axis synchronous control selection signal SYNC for slave 
axes is set to 1. 

1: Synchronous operation is performed at all times. 

Set this parameter with a slave axis. 


The synchronization error smooth suppress function is: 
0: Disabled. 

1: Enabled. 

Set this parameter with a slave axis. 


When external machine coordinate system shift is specified by 
external data input/output for the master axis in synchronous control, 
the slave axis is: 

0: Not shifted. 

1: | Shifted by the same amount as specified for the master axis. 

Set this parameter for the slave axis. 

This function is disabled during normal operation. 
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#7 #6 #5 #4 #3 #2 #1 #0 
ae (aan eas aS |e ee Fe 
[Input type] Parameter input 
[Data type] Bit path 


#0 SSO __ The uni-directional synchronization function in feed axis synchronous 
control is: 
0: Disabled. 
1: Enabled. 

#1 SSE After emergency stop, the uni-directional synchronization function in 
feed axis synchronous control is: 
0: Disabled. 
1: Enabled. 


NOTE 


Set this parameter to the same value for both the 
master and slave axes. 





[Input type] Parameter input 
[Data type] Byte axis 
[Valid data range] 0 to Number of controlled axes 

Select a master axis in feed axis synchronous control. In the parameter 

for the slave axis, set the axis number of the master axis. 

Example 1) 
When one set of feed axis synchronous control is used: 
When the master axis is the first axis (X-axis), and the slave axis 
is the third axis (Z-axis), set parameter No. 8311 as follows: 
Parameter No.8311 X (first axis) = 0 
Parameter No.8311 Y (second axis) = 0 
Parameter No.8311 Z (third axis) = 1 
Parameter No.8311 A (fourth axis) = 0 

Example 2) 
When three sets of feed axis synchronous control is used: 
When the master axes are the first axis, second axis, and third 
axis, and the slave axes are the sixth axis, fifth axis, and fourth 
axis, set parameter No. 8311 as follows: 
Parameter No.8311 X (first axis) = 0 
Parameter No.8311 Y (second axis) = 0 
Parameter No.8311 Z (third axis) = 0 
Parameter No.8311 A (fourth axis) = 3 
Parameter No.8311 B (fifth axis) = 2 
Parameter No.8311 C (sixth axis) = 1 
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Enabling/disabling mirror image in feed axis synchronous control 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
Word axis 
-127 to 128 
This parameter sets mirror image for the slave axis. When 100 or a 
more value is set with this parameter, the mirror image function is 
applied to synchronous control. Set this parameter to the slave axis. 
Example) 
For reverse synchronization with the master axis being the third 
axis and the slave axis being the fourth axis, set parameter No. 
8312 as follows: 
Parameter No.8312 X (first axis) = 0 
Parameter No.8312 Y (second axis) = 0 
Parameter No.8312 Z (third axis) = 0 
Parameter No.8312 A (fourth axis) = 100 


NOTE 
In synchronous operation with mirror image 
applied, synchronization error compensation, 


synchronization establishment, synchronization 
error checking, and modification mode cannot be 
used. 





Maximum allowable error in synchronization error check based on machine 
coordinates 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm, inch, degree (machine unit) 

Depend on the increment system of the applied axis 

0 or positive 9 digit of minimum unit of data (refer to the standard 
parameter setting table (B) ) 

(When the increment system is IS-B, 0.0 to +999999.999) 

This parameter sets a maximum allowable error in a synchronization 
error check based on machine coordinates. When the error between 
the master and slave axes in machine coordinates exceeds the value set 
in this parameter, the machine stops with the servo alarm (SV0005). 
Set this parameter with a slave axis. 


NOTE 


Set 0 in this parameter when a synchronization 
error check is not made. 
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[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 
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Limit in positional deviation check in feed axis synchronous control 





Parameter input 

2-word axis 

Detection unit 

0 to 999999999 

This parameter sets the maximum allowable difference between the 
master axis and slave axis position deviations. When the absolute 
value of a positional deviation difference exceeds the value set in this 
parameter in feed axis synchronous control, the alarm (DS0001) is 
issued. 

Set this parameter with a slave axis. If 0 is specified in this parameter, 
no position deviation difference check is made. 


Maximum compensation value in synchronization establishment based on 
machine coordinates 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm, inch, degree (machine unit) 

Depend on the increment system of the applied axis 

0 or positive 9 digit of minimum unit of data (refer to the standard 
parameter setting table (B) ) 

(When the increment system is IS-B, 0.0 to +999999,.999) 

This parameter sets the maximum compensation value for 
synchronization. When a compensation value exceeding the value set 
in this parameter is detected, the servo alarm (SV0001) is issued, and 
the synchronization establishment is not performed. 

Specify a slave axis for this parameter. To enable this parameter, set 
the parameter SOF (bit 7 of parameter No.8303) to 1. When 0 is set in 
this parameter, synchronization establishment is not performed. 


Difference between master axis and slave axis reference counters 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word axis 

Detection unit 

0 to 999999999 

The difference between the master axis reference counter and slave 
axis reference counter (master axis and slave axis grid shift) is 
automatically set when automatic setting for grid positioning is 
performed. Then, the difference is transferred together with an 
ordinary grid shift value to the servo system when the power is turned 
on. This parameter is set with a slave axis. 
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8327 Torque difference alarm detection timer 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word axis 

msec 

0 to 4000 

This parameter sets a time from the servo preparation completion 
signal, SA (F000#6), being set to 1 until torque difference alarm 
detection is started in feed axis synchronous control. 

When 0 is set in this parameter, the specification of 512 msec is 
assumed. 

Set this parameter with a slave axis. 


— Multiplier for a maximum allowable synchronization error immediately after 
power-up 


[Input type] 
[Data type] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

Word path 

1 to 100 

Until synchronization establishment is completed immediately after 
power-up, synchronization error excessive alarm 2 is checked using 
the maximum allowable error (parameter No. 8332) multiplied by the 
value set in this parameter. 

If the result produced by multiplying the value of parameter No. 8332 
by the value of this parameter exceeds 32767, the value is clamped to 
32767. 


Pec’ Maximum allowable synchronization error for synchronization error 
excessive alarm 1 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word axis 

Detection unit 

1 to 32767 

This parameter sets a maximum allowable synchronization error for 
synchronization error excessive alarm 1. 

Set this parameter with a slave axis. 
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999 Maximum allowable synchronization error for synchronization error 
excessive alarm 2 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

2-word axis 

Detection unit 

1 to 32767 

This parameter sets a maximum allowable synchronization error for 
synchronization error excessive alarm 2. 

Set this parameter with a slave axis. 


8333 Synchronization error zero width for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word axis 

Detection unit 

1 to 32767 

When a synchronization error below the value set in this parameter is 
detected, synchronization error compensation is not performed. 

Set this parameter with a slave axis. 


8334 Synchronization error compensation gain for each axis 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 
Word axis 
1 to 1024 
This parameter sets a synchronization error compensation gain. 
Compensation pulses found by the following expression are output for 
the slave axis: 

Compensation pulses = Synchronization error x (Ci/1024) 

Ci: Compensation gain 

Set this parameter with a slave axis. 


8335 Synchronization error zero width 2 for each axis 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word axis 

Detection unit 

0 to 32767 

This parameter sets synchronization error zero width 2 for 
synchronization error smooth suppression. 

Set this parameter with a slave axis. 


NOTE 


Set a value less than the value set in parameter 
No. 8333. 
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8336 Synchronization error compensation gain 2 for each axis 


[Input type] Parameter input 
[Data type] Word axis 
[Valid datarange] 0 to 1024 
This parameter sets synchronization error compensation gain 2 for 
synchronization error smooth suppression. 
Set this parameter with a slave axis. 


NOTE 


Set a value less than the value set in parameter 
No. 8334. 





8337 M code for turning off synchronization in feed axis synchronous control 


[Input type] Parameter input 
[Data type] 2-word path 
[Valid data range] 1 to 999999999 
This parameter specifies an M code for switching from synchronous 
operation to normal operation. 
The M code set in this parameter is not buffered. 


8338 M code for turning on synchronization in feed axis synchronous control 


[Input type] Parameter input 
[Data type] 2-word path 
[Valid data range] 1 to 999999999 
This parameter specifies an M code for switching from normal 
operation to synchronous operation. 
The M code set in this parameter is not buffered. 


#7 #6 #5 #4 #3 #2 #1 #0 
2 ee 
[Input type] Setting input 
[Data type] Bit path 


#4 ZAG _ The deceleration function based on cutting load in AI contour control 
(deceleration based on Z-axis fall angle) is: 
0: Not performed. 
1: Performed. 
When this parameter is set to 1, be sure to set parameter Nos. 8456, 
8457, and 8458. 


#7 NOF In Al contour control, an F command 1s: 
0: Not ignored. 
1: Ignored. 


When this parameter is set to 1, the specification of the maximum 
allowable feedrate set in parameter No. 8465 is assumed. 
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8456 


8457 


8458 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 
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Override for range 2 that is applied during deceleration according to the 


cutting load in Al contour control 


Override for range 3 that is applied during deceleration according to the 


cutting load in Al contour control 


Override for range 4 that is applied during deceleration according to the 





cutting load in Al contour control 


Setting input 
Word path 
% 
1 to 100 
For the function of decelerating according to the cutting load in AI 
contour control, the override set in a parameter can be applied 
according to the angle at which the tool moves downward along the 
Z-axis. The feedrate obtained according to other conditions is 
multiplied by the override for the range containing angle 8 at which 
the tool moves downward. 
However, when bit 1 (ZG2) of parameter No. 19515 is set to 0, no 
parameter is available to range 1, and 100% is applied at all times. 
When bit 1 (ZG2) of parameter No. 19515 is set to 1, set an override 
value for range | in parameter No. 19516. 

Range | 0°<0<30° 

Range 2 30°<0<45° 

Range 3 45°<0<60° 

Range 4 60°<0<90° 


8465 Maximum allowable feedrate for Al contour control 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Setting input 

Real path 

mm/min, inch/min, degree/min (input unit) 

Depend on the increment system of the reference axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

This parameter sets the maximum allowable feedrate for contour 
control. 

If a feedrate higher than the setting of this parameter is specified in the 
AI contour control mode, the feedrate is clamped to that set in this 
parameter. 

If this parameter is set to 0, no clamping is performed. 

When bit 7 (NOF) of parameter No. 8451 is set to 1, the tool moves, 
assuming that the feedrate set in this parameter is specified. If 0 is set 
in this parameter at this time, a movement is made at the specified 
feedrate. 
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ask Maximum travel distance of a block where smooth interpolation or Nano 
smoothing is applied 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Setting input 

Real path 

mm, inch (input unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter specifies a block length used as a reference to decide 
whether to apply smooth interpolation or Nano smoothing. If the line 
specified in a block is longer than the value set in the parameter, 
smooth interpolation will not be applied to that block. 


8487 Angle at which smooth interpolation or Nano smoothing is turned off 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


8490 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Setting input 

Real path 

Degree 

Depend on the increment system of the reference axis 

0 to 90 

This parameter sets the angle used to determine whether to apply 
smooth interpolation or Nano smoothing. 

At a point having a difference in angle greater than this setting, 
smooth interpolation or Nano smoothing is turned off. 


Minimum travel distance of a block where smooth interpolation or Nano 


smoothing is applied 





Setting input 

Real path 

mm, inch (input unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets a block length used to determine whether to apply 
smooth interpolation or Nano smoothing. 

If the line specified in a block is shorter than the value set in this 
parameter, smooth interpolation or Nano smoothing is not applied to 
that block. 
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#7 #6 #5 #4 #3 #2 #1 #0 
ee ee as a | | Ee 
[Input type] Setting input 
[Data type] Bit 


#0 PWE The setting, from an external device and MDI panel, of those 
parameters that cannot be set by setting input is: 
0: Disabled. 
1: Enabled. 


RGB value of color palette 1 for text for color set 3 
RGB value of color palette 2 for text for color set 3 
10475 RGB value of color palette 15 for text for color set 3 


[Input type] Parameter input 
[Data type] 2-word 
[Valid data range] 0 to 151515 
Each of these parameters sets the RGB value of each color palette for 
text by specifying a 6-digit number as described below. 
rrggbb: 6-digit number (rr: red data, gg: green data, bb: blue data) 
The valid data range of each color is 0 to 15 (same as the tone levels 
on the color setting screen). When a number equal to or greater than 
16 is specified, the specification of 15 is assumed. 
Example) 
When the tone level of a color is: red:1 green:2, blue:3, set 10203 
in the parameter. 


10800 First compensation axis for three-dimensional error compensation 
10801 Second compensation axis for three-dimensional error compensation 
10802 Third compensation axis for three-dimensional error compensation 


NOTE 





When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 1 to Number of controlled axes 
These parameters set three compensation axes for applying 
three-dimensional error compensation. 
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10803 


10804 


10805 


[Input type] 
[Data type] 
[Valid data range] 


10806 


APPENDIX B-63944EN/02 


Number of compensation points for three-dimensional error compensation 


(first compensation axis) 


Number of compensation points for three-dimensional error compensation 


(second compensation axis) 


Number of compensation points for three-dimensional error compensation 





(third compensation axis) 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 
Byte path 
2 to 25 


These parameters set the number of compensation points for each axis 
for three-dimensional error compensation. 


Compensation point number of the reference position for three-dimensional 


error compensation (first compensation axis) 





soauy Compensation point number of the reference position for three-dimensional 
error compensation (second compensation axis) 


10808 


[Input type] 
[Data type] 
[Valid data range] 


Compensation point number of the reference position for three-dimensional 





error compensation (third compensation axis) 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

Byte path 

1 to number of compensation points 

These parameters set the compensation point number of the reference 
position for each axis for three-dimensional error compensation. 
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Magnification for three-dimensional error compensation (first compensation 


10809 
axis) 


Pern Magnification for three-dimensional error compensation (second 
compensation axis) 


Magnification for three-dimensional error compensation (third compensation 





axis) 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 1 to 100 
These parameters set the magnification for each axis for 
three-dimensional error compensation. 


Compensation interval for three-dimensional error compensation (first 
compensation axis) 
Compensation interval for three-dimensional error compensation (second 
compensation axis) 
aaae Compensation interval for three-dimensional error compensation (third 
compensation axis) 


NOTE 





When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Real path 
[Unit of data] © mm, inch (machine unit) 
[Minimum unit of data] Depend on the increment system of the reference axis 
[Valid data range] 9 digit of minimum unit of data (refer to standard parameter setting 

table (A) ) 
(When the increment system is IS-B, -999999.999 to +999999.999) 
These parameters set the compensation interval for each axis for 
three-dimensional error compensation. 
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[Input type] 
[Data type] 
[Valid data range] 


APPENDIX B-63944EN/02 


States of the first manual handle feed axis selection signals when tool axis 


direction handle feed/interrupt and table-based vertical direction handle 





feed/interrupt are performed 


Parameter input 

Byte path 

1 to 24 

This parameter sets the states of the first manual handle feed axis 
selection signals (HSI1A to HS1E)/manual handle interrupt axis 
selection signals (HSIIA to HSIIE) when tool axis direction handle 
feed/interrupt and table-based vertical direction handle feed/interrupt 
are performed. 


<Table of correspondence with the manual handle feed axis 
selection signals> 

The table below indicates the correspondence between the states of the 
first manual handle feed axis selection signals/manual handle interrupt 
axis selection signals and the parameter settings in the 5-axis 
machining manual feed (handle feed) mode. When the first manual 
handle pulse generator is turned after setting the signals corresponding 
to the value set in the parameter, operation is performed in the 
specified mode. 


HS1E HS1D HS1C HS1B HS1A__| Parameter 
(HS1IE) | (HS1ID) | (HS41IC) | (HS1IB) | (HS1IA) | _ setting 


Oo 
oO 
Oo 
oO 
= 
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- 1512 - 


B-63944EN/02 


[Input type] 
[Data type] 
[Valid data range] 


[Input type] 
[Data type] 
[Valid data range] 


APPENDIX A.PARAMETERS 


States of the first manual handle feed axis selection signals when a 
movement is made in the first axis direction in tool axis normal direction 


handle feed/interrupt and table-based horizontal direction handle 


feed/interrupt 





Parameter input 

Byte path 

1 to 24 

This parameter sets the states of the first manual handle feed axis 
selection signals (HSIA to HS1E)/manual handle interrupt axis 
selection signals (HSIIA to HSIIE) when a movement is made in the 
first axis direction. (For a value to be set, see "Table of 
correspondence with the manual handle feed axis selection signals" 
provided in the description of parameter No. 12310.) 


The table below indicates the relationships of tool axis directions, first 
axis directions, and second axis directions. 


Parameter Tool axis First axis Second axis 
No.19697 directions directions directions 




















Note, however, that the table above indicates the directions applicable 
when the angles of all rotation axes are set to 0. 

In tool axis direction/tool axis normal direction feed (not table-based), 
the directions indicated above assume that 0 is set in parameter No. 
19698 and No. 19699. When a rotation axis has made a turn or a 
nonzero value is set in these parameters in tool axis direction/tool axis 
normal direction feed, the relevant directions are inclined accordingly. 


States of the first manual handle feed axis selection signals when a 
movement is made in the second axis direction in tool axis normal direction 


handle feed/interrupt and table-based horizontal direction handle 





feed/interrupt 


Parameter input 

Byte path 

1 to 24 

This parameter sets the states of the second manual handle feed axis 
selection signals (HSIA to HS1E)/manual handle interrupt axis 
selection signals (HSIIA to HSIIE) when a movement is made in the 
first axis direction. (For a value to be set, see "Table of 
correspondence with the manual handle feed axis selection signals" 
provided in the description of parameter No. 12310.) 
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[Input type] 
[Data type] 
[Valid data range] 


[Input type] 
[Data type] 
[Valid data range] 


APPENDIX B-63944EN/02 


States of the first manual handle feed axis selection signals when the first 





rotation axis is turned in tool tip center rotation handle feed/interrupt 


Parameter input 

Byte path 

1 to 24 

This parameter sets the states of the first manual handle feed axis 
selection signals (HSI1A to HS1E)/manual handle interrupt axis 
selection signals (HSIIA to HSIIE) when the first rotation axis is 
turned in tool tip center rotation handle feed/interrupt. (For a value to 
be set, see "Table of correspondence with the manual handle feed axis 
selection signals" provided in the description of parameter No. 
12310.) 


States of the first manual handle feed axis selection signals when the 





second rotation axis is turned in tool tip center rotation handle feed/interrupt 


Parameter input 

Byte path 

1 to 24 

This parameter sets the states of the first manual handle feed axis 
selection signals (HSIA to HS1E)/manual handle interrupt axis 
selection signals (HSIIA to HSIIE) when the second rotation axis is 
turned in tool tip center rotation handle feed/interrupt. (For a value to 
be set, see "Table of correspondence with the manual handle feed axis 
selection signals" provided in the description of parameter No. 
12310.) 


Tool length in 5-axis machining manual feed 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Setting input 

Real path 

mm, inch (machine unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets a tool length when tool tip center rotation feed is 
performed with the 5-axis machining manual feed function and when 
the 5-axis machining manual feed screen is displayed. 


NOTE 
Specify a radius value to set this parameter. 
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#7 #6 #5 #4 #3 #2 #1 #0 
a (a a ee Eee 
[Input type] Parameter input 
[Data type] Bit path 


#0 TWD The directions of 5-axis machining manual feed (other than tool tip 
center rotation feed) when the tilted working plane command is issued 
are: 

0: Same as those not in the tilted working plane command. That is, 
the directions are: 
Tool axis normal direction | (table-based horizontal direciton 1) 
Tool axis normal direction 2 (table-based horizontal direction 2) 
Tool axis direction (table-based vertical direction) 
1: X, Y, and Z directions in the feature coordinate system. 


#1 FLL The directions of tool axis normal direction feed or table-based 
horizontal direction feed in the 5-axis machining manual feed mode 
are: 

0: Tool axis normal direction | (table-based horizontal direction 1) and 
tool axis normal direction 2 (table-based horizontal direction 2). 
1: Longitude direction and latitude direction. 


Parameter FLL | Parameter TWD 
(No.12320#1) (No.12320#0) 


Directions of 5-axis machining manual feed 


Conventional directions 

When the tilted working plane command is issued: X, Y, and Z 
directions in the feature coordinate system 

When the command is not issued: Conventional directions 
Longitude direction and latitude direction 

When the tilted working plane command is issued: X, Y, and Z 
directions in the feature coordinate system 

When the command is not issued: Longitude direction and 
latitude direction 




















#2 JFR_ As the feeedrate of 5-axis machining jog feed or incremental feed: 
0: The dry run rate (parameter No. 1410) is used. 
1: The jog feedrate (parameter No. 1423) is used. 


Normal axis direction 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 0to3 

For longitude or latitude direction feed in the 5-axis machining 
manual feed mode, this parameter sets the axis parallel to the normal 
direction. 
1 : Positive (+) X-axis direction 
2 : Positive (+) Y-axis direction 
3 : Positive (+) Z-axis direction 
0 : Reference tool axis direction (parameter No. 19697) 
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[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


[Input type] 
[Data type] 


#0 CLR 


#3 CFD 


[Input type] 
[Data type] 


#2 TRT 


APPENDIX B-63944EN/02 


parallel to the normal direction (parameter No. 12321) 
Parameter input 
Real path 
deg 
Depend on the increment system of the reference axis 
0 to 90 
For latitude direction feed or longitude direction feed in the 5-axis 
machining manual feed mode, when the angle between the tool axis 
direction and normal direction (parameter No. 12321) is small, the 
tool axis direction is assumed to be parallel to the normal direciton 
(parameter No. 12321). This parameter sets the maximum angle at 
which the tool axis direction is assumed to be parallel to the normal 
direction. 
When this parameter is set to 0 or a value outside the valid range, it is 
set to 1 degree. 


#7 #6 #5 #4 #3 #2 #1 #0 
fo eal eee es eee 
Parameter input 
Bit path 


Upon reset, the display of a travel distance by 5-axis machining 
manual feed is: 

0: Not cleared. 

1: Cleared. 


As feedrate F, the 5-axis machining manual feed screen displays: 
0: Composite feedrate at the linear axis/rotation axis control point. 
1: Feedrate at the tool tip. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ae (ees ee Ae a ee 
Parameter input 
Bit path 


As the remaining lifetime value for outputting the tool life arrival 

notice signal: 

0: The remaining lifetime of the last tool is used. 

1: The sum of the remaining lifetimes of the tools with the same 
type number is used. 


NOTE 
This parameter is valid when bit 3 (ETE) of 


parameter No. 13200 is set to 0 (arrival notice for 
each type number). 
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#3 ETE The tool life arrival notice signal is output: 
0: For each tool type. 
1: For each tool. 


#7 #6 #5 #4 #3 #2 #1 #0 
a ee ee ee 
[Input type] Parameter input 
[Data type] Bit system common 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#0 TDC The function of customizing the tool management data screen of the 
tool management function is: 
0: Disabled. 
1: Enabled. 

#1 TDN On the screen dedicated to the tool management function, the state of 


tool life can be displayed using a character string: 
0: Up to 6 characters long. 
1: Upto 12 characters long. 


#7 #6 #5 #4 #3 #2 #1 #0 
Pom [oor [| oz [ pos | coy [or | 
[Input type] Parameter input 
[Data type] Bit 


#1 DCR On the tool management function screen, tool nose radius 
compensation data is: 
0: Displayed. 
1: Not displayed. 


NOTE 


This parameter is valid when the machine control 
type is the lathe system or combined system. 





#2 DOY On the tool management function screen, Y-axis offset data is: 
0: Displayed. 
1: Not displayed. 


NOTE 


This parameter is valid when the machine control 
type is the lathe system or combined system. 





#3 DOB = On the tool management function screen, B-axis offset data is: 
0: Displayed. 
1: Not displayed. 
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#4 DO2 
# 6 DOT 
#7 DOM 
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NOTE 


This parameter is valid when the machine control 
type is the lathe system or combined system. 





On the tool management function screen, the second geometry tool 
offset data is: 

0: Displayed. 

1: Not displayed. 


NOTE 
This parameter is valid when the machine control 
type is the lathe system or combined system. 





On the tool management function screen, the tool offset data (X, Z) of 
the T series is: 

0: Displayed. 

1: Not displayed. 


NOTE 
This parameter is valid when the machine control 
type is the lathe system or combined system. 





On the tool management function screen, the tool offset data of the M 
series iS: 

0: Displayed. 

1: Not displayed. 


NOTE 


This parameter is valid when the machine control 
type is the lathe system or combined system. 





#7 


#6 #5 #4 #3 #2 #1 #0 
ea ey a a a ee Ee 


[Input type] 
[Data type] 


#0 TDL 


Parameter input 
Bit system common 


The protection function for tool management data using a key is: 


0: Disabled. 
1: Enabled. 
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Number of valid tools in tool management data 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word 
[Valid data range] 0 to 64 (Extended to 240 or 1000 by the addition of an option) 
This parameter sets the number of valid tools in tool management 
data. 


Number of data items in the first cartridge 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word 
[Valid data range] 1 to 64 (Extended to 240 or 1000 by the addition of an option) 
This parameter sets the number of data items used with the first 
cartridge. 


Start pot number of the first cartridge 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word 
[Valid data range] 1 to 9999 
This parameter sets the start pot number to be used with the first 
cartridge. Pot numbers starting with the value set in this parameter and 
sequentially incremented by | are assigned to all data items. 


13227 Number of data items in the second cartridge 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word 
[Valid data range] 1 to 64(Extended to 240 or 1000 by the addition of an option) 
This parameter sets the number of data items used with the second 
cartridge. 
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Start pot number of the second cartridge 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word 
[Valid data range] 1to9999 
This parameter sets the start pot number to be used with the second 
cartridge. Pot numbers starting with the value set in this parameter and 
sequentially incremented by | are assigned to all data items. 


Number of data items in the third cartridge 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word 
[Valid data range] _1 to 64(Extended to 240 or 1000 by the addition of an option) 
This parameter sets the number of data items used with the third 
cartridge. 


Start pot number of the third cartridge 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word 
[Valid data range] 1to9999 
This parameter sets the start pot number to be used with the third 
cartridge. Pot numbers starting with the value set in this parameter and 
sequentially incremented by | are assigned to all data items. 


13237 Number of data items in the fourth cartridge 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Word 
[Valid data range] 1 to 64(Extended to 240 or 1000 by the addition of an option) 
This parameter sets the number of data items used with the fourth 
cartridge. 
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Start pot number of the fourth cartridge 


[Input type] 
[Data type] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

Word 

1to9999 

This parameter sets the start pot number to be used with the fourth 
cartridge. Pot numbers starting with the value set in this parameter and 
sequentially incremented by | are assigned to all data items. 


M code for specifying a particular tool 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Word path 

0 to 65535 

This parameter sets not a tool type number but an M code for directly 
specifying the T code of a particular tool. 


Number for selecting a spindle position offset number 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

2-word path 

0 to 999 

This parameters sets an H/D code for selecting an offset number 
registered in the data of the tool attached at the spindle position. 

When 0 is set, an ordinary used code such as H99/D99 is used. 
When a value other than 0 is set, H99/D99 no longer has a particular 
meaning. So, when H99/D99 is specified in this case, the specification 
of offset number 99 is assumed. 

With the T series, address D only is used to specify a tool number and 
offset number, so that a restriction is imposed on the number of digits. 
So, the valid data range of this parameter varies according the number 
of digits of an offset number. 

When the number of digits of an offset number is 1: to 9 

When the number of digits of an offset number is 2: to 99 

When the number of digits of an offset number is 3: to 999 
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#7 #6 #5 #4 #3 #2 #1 #0 
fe te ee Si a 
[Input type] Parameter input 
[Data type] Bit path 


#0 MCR_ When an allowable acceleration rate adjustment is made with the 
machining condition selection function (machining parameter 
adjustment screen, precision level selection screen), parameter No. 
1735 for the deceleration function based on acceleration in circular 
interpolation is: 

0: Modified. 
1: Not modified. 


#7 


#6 #5 #4 #3 #2 #1 #0 
aaa as as |) | 


[Input type] Parameter input 
[Data type] Bit 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





#0 MPR __ The machining parameter adjustment screen is: 
0: Displayed. 
1: Not displayed. 
Even when this parameter is set to 1, the precision level selection 
screen is displayed. 


Acceleration rate for acceleration/deceleration before look-ahead 
interpolation in Al contour control (precision level 1) 


Acceleration rate for acceleration/deceleration before look-ahead 





interpolation in Al contour control (precision level 10) 


[Input type] Parameter input 
[Data type] Real axis 
[Unit of data] | mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0) 
Each of these parameters sets an acceleration rate for acceleration/ 
deceleration before interpolation in AI contour control. Set a value 
(precision level 1) with emphasis placed on speed, and a value 
(precision level 10) with emphasis on precision. 
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Acceleration rate change time (bell-shaped) when Al contour control is used 
(precision level 1) 

Acceleration rate change time (bell-shaped) when Al contour control is used 
(precision level 10) 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Byte path 

msec 

0 to 200 

Each of these parameters sets an acceleration rate change time 
(bell-shaped) in AI contour control. Set a value (precision level 1) 
with emphasis placed on speed, and a value (precision level 10) with 
emphasis on precision. 


Allowable acceleration rate change amount for each axis in speed control 
based on acceleration rate change under control on the rate of change of 


acceleration (precision level 1) 


Allowable acceleration rate change amount for each axis in speed control 


based on acceleration rate change under control on the rate of change of 





acceleration (precision level 10) 


Parameter input 

Real axis 

mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0) 

Each of these parameters sets an allowable acceleration rate change 
amount per | ms for each axis in speed control based on acceleration 
rate change under control on the rate of change of acceleration during 
AI contour control. 

Set a value (precision level 1) with emphasis placed on speed, and a 
value (precision level 10) with emphasis on precision. 
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Allowable acceleration rate change amount for each axis in speed control 


based on acceleration rate change under control on the rate of change of 





acceleration in successive linear interpolation operations (precision level 1) 


Allowable acceleration rate change amount for each axis in speed control 
13617 based on acceleration rate change under control on the rate of change of 


acceleration in successive linear interpolation operations (precision level 10) 





[Input type] Parameter input 
[Data type] Real axis 
[Unit of data] | mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 
[Minimum unit of data] Depend on the increment system of the applied axis 
[Valid data range] Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0) 
Each of these parameters sets an allowable acceleration rate change 
amount per | ms for each axis in speed control based on acceleration 
rate change under control on the rate of change of acceleration in 
successive linear interpolation operations during AI contour control. 
Set a value (precision level 1) with emphasis placed on speed, and a 
value (precision level 10) with emphasis on precision. 


NOTE 

1 Foran axis with 0 set in this parameter, parameter 
No. 13614 and No. 13615 (allowable acceleration 
rate change amount in speed control based on 
acceleration rate change under control on the rate 
of change of acceleration) are valid. 


For an axis with 0 set in parameter No. 13614 and 
No. 13615 (allowable acceleration rate change 
amount in speed control based on acceleration rate 
change under control on the rate of change of 
acceleration), speed control based on acceleration 
rate change is disabled, so that the specification of 
this parameter has no effect. 
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13619 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 
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Rate of change time of the rate of change of acceleration in smooth 


bell-shaped acceleration/deceleration before interpolation when Al contour 





control is used (precision level 1) 


Rate of change time of the rate of change of acceleration in smooth 
bell-shaped acceleration/deceleration before interpolation when Al contour 


control is used (precision level 10) 





Parameter input 
Byte path 
% 


0 to 50 

Each of these parameters sets the rate (percentage) of the change time 
of the rate of change of acceleration to the change time of acceleration 
rate change in smooth bell-shaped acceleration/deceleration before 
look-ahead interpolation during AI contour control. 

Set a value (precision level 1) with emphasis placed on speed, and a 
value (precision level 10) with emphasis on precision. 


NOTE 
When 0 or a value not within the valid data range is 


set in this parameter, smooth bell-shaped 
acceleration/deceleration before look-ahead 
interpolation is not performed. 





Allowable acceleration rate when Al contour control is used (precision level 
1) 

Allowable acceleration rate when Al contour control is used (precision level 
10) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/sec/sec, inch/sec/sec, degree/sec/sec (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (D) 

(When the machine system is metric system, 0.0 to +100000.0. When 
the machine system is inch system, machine, 0.0 to +10000.0) 

Each of these parameters sets an allowable acceleration rate in Al 
contour control. Set a value (precision level 1) with emphasis placed 
on speed, and a value (precision level 10) with emphasis on precision. 
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Time constant for acceleration/deceleration after interpolation when Al 
contour control is used (precision level 1) 

Time constant for acceleration/deceleration after interpolation when Al 
contour control is used (precision level 10) 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

Word axis 

msec 

1 to 512 

Each of these parameters sets a time constant for 
acceleration/deceleration after interpolation when AI contour control 
is used. Set a value (precision level 1) with emphasis placed on speed, 
and a value (precision level 10) with emphasis on precision. 


Corner speed difference when Al contour control is used (precision level 1) 
Corner speed difference when Al contour control is used (precision level 10) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

Each of these parameters sets an allowable speed difference for speed 
determination based on corner speed difference in AI contour control. 
Set a value (precision level 1) with emphasis placed on speed, and a 
value (precision level 10) with emphasis on precision. 


Maximum cutting speed when Al contour control is used (precision level 1) 
13627 Maximum cutting speed when Al contour control is used (precision level 10) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm/min, inch/min, degree/min (machine unit) 

Depend on the increment system of the applied axis 

Refer to the standard parameter setting table (C) 

(When the increment system is IS-B, 0.0 to +240000.0) 

Each of these parameters sets a maximum cutting speed in AI contour 
control. Set a value (precision level 1) with emphasis placed on speed, 
and a value (precision level 10) with emphasis on precision. 
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Parameter number corresponding to arbitrary item 1 when Al contour control 
is used 

Parameter number corresponding to arbitrary item 2 when Al contour control 
is used 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] 2-word path 
[Valid data range] 1 to 65535 


These parameters set the parameter numbers corresponding to 
arbitrary items | and 2. 


NOTE 

The parameter numbers corresponding to the 

following cannot be specified: 
Bit parameters 
Spindle parameters (No. 4000 to No. 4799) 
Parameters of real number type 
Parameters that require power-off (for which the 
alarm (PWO000) is issued) 
Nonexistent parameters 


Value with emphasis on speed (precision level 1) of the parameter 
corresponding to arbitrary item 1 when Al contour control is used 

Value with emphasis on speed (precision level 1) of the parameter 
corresponding to arbitrary item 2 when Al contour control is used 
Value with emphasis on speed (precision level 10) of the parameter 
corresponding to arbitrary item 1 when Al contour control is used 
Value with emphasis on speed (precision level 10) of the parameter 
corresponding to arbitrary item 2 when Al contour control is used 


[Input type] Parameter input 
[Data type]  2-word axis 
[Unit of data] | Depend on the type of parameter for an arbitrary item 
[Valid data range] | Depend on the type of parameter for an arbitrary item 


Each of these parameters sets a value with emphasis placed on speed 
or precision for a parameter. 
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Maximum allowable travel distance when the reference position is 
established for a linear scale with an absolute address reference position 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

2-word axis 

Detection unit 

0 to 99999999 

This parameter sets the maximum allowable travel distance at the FL 
feedrate when the reference position is established for a linear scale 
with an absolute address reference position. When the travel 
distance exceeds the setting of this parameter, the alarm (PS5326) 
(SCALE WITH REFERENCE POSITION: REFERENCE 
POSITION ESTABLISHMENT FAILED) is issued. When this 
parameter is set to 0, the maximum allowable travel distance is not 
checked. 


ATR value corresponding to slave 01 on FSSB line 1 
ATR value corresponding to slave 02 on FSSB line 1 
14357 ATR value corresponding to slave 18 on FSSB line 1 


[Input type] 
[Data type] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 
Byte 
0to23,64,-56,-96 
Each of these parameters sets the value (ATR value) of the address 
translation table corresponding to each of slave | to slave 18 on FSSB 
line 1 (first optical connector). 
The slave is a generic term for servo amplifiers and separate detector 
interface units connected via an FSSB optical cable to the CNC. 
Numbers 1 to 18 are assigned to slaves, with younger numbers 
sequentially assigned to slaves closer to the CNC. 
A 2-axis amplifier consists of two slaves, and a 3-axis amplifier 
consists of three slaves. In each of these parameters, set a value as 
described below, depending on whether the slave is an amplifier, 
separate detector, or nonexistent. 
- | When the slave is an amplifier: 
Set a value obtained by subtracting | from the setting of 
parameter No. 1023 for the axis to which the amplifier is 
assigned. 
- When the slave is a separate detector interface unit: 
Set 64 for the first separate detector interface unit (connected 
near the CNC), and set -56 for the second separate detector 
interface unit (connected far from the CNC). 
- When the slave is nonexistent: 
Set -96. 
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NOTE 

1 When the electric gear box (EGB) function is used 
Although an amplifier is not actually required for an 
EGB dummy axis, set this parameter with 
assuming that a dummy amplifier is connected. 
That is, as the address conversion table value for a 
nonexistent slave, set the value obtained by 
subtracting 1 from the setting of parameter No. 
1023 for the EGB dummy axis, instead of -96. 
When the FSSB is set to the automatic setting 
mode (when the parameter FMD (No.1902#0) is 
set to 0), parameter Nos. 14340 to 14357 are 
automatically set as data is input on the FSSB 
setting screen. When the manual setting 2 mode is 
set (when the parameter FMD (No.1902#0) is set 
to 1), be sure to directly set values in parameter 
Nos. 14340 to 14357. 
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Example of axis configuration and parameter settings 
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Example 1 
CNC 
Slave ATR ; 
number |} No.14340 Axis 
Controlled] Program axis Servo axis to 14357 
axis name No.1023 
number No.1020 
Single-axis L_ 1 0 xX 
1 x 1 amplifier F 
— A 
2 hi 3 Two-axis 
3 Z 4 amplifier [~~ 2 x 
I 
4 A 2 ss 3 Z 
Two-axis 
5 B 5 amplifier Lu 5 B 
6 Cc 6 I 
M1 6 64 (M1) 
I 
Single-axis 7 5 Cc 
amplifier 
I 
M2 8 -56 (M2) 
CNC 
Slave || No.14340 
Controlled] |Program axis|} Servo number || "10 14357 pels 
axis name axis 
number No.1020 No.1023 : ; 
Single-axis 7 0 xX 
1 x 1 amplifier 
ee 2 2 Y 
2 Y 3 Two-axis 
amplifier |= 3 3 Z 
3 Z 4 I 
4 A 2 Two-axis = -— 4 1 : 
5 B 5 alia fos 4 
6 Cc 6 M1 6 64 (M1) 
I 
Single-axis | 7 5 Cc 
amplifier 
M2 8 -56 (M2) 
9 to 18 -96 (None) 
M1/M2: First/second pulse modules 
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Example of axis configuration and parameter settings when the 
electric gear box (EGB) function is used 





































































































(EGB slave axis: _A-axis, EGB dummy axis: _ B-axis) 
CNC 
Slave ATR : 
i ; number |} No.14340 Axis 
Controlled] |Program axis |Servo axis to 14357 
axis name No.1023 
number No.1020 
Single-axis LW 1 0 xX 
1 Xx 1 amplifier 
L_ 2 Y 
2 3 2 Two-axis 
3 Z 5 amplifier |7~ 2 A 
I 
4 A 3 —__ 4 ; 
Two-axis 
5 B 4 amplifier [oom Cc 
6 Cc 6 I 
M1 6 64 (M1) 
I 
M2 7 -56 (M2) 
8 3 B(Dummy) 
9 -96 (None) 
10 -96 (None) 


M1/M2: First/second pulse modules 
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ASTR value corresponding to slave 01 on FSSB line 2 
ASTR value corresponding to slave 02 on FSSB line 2 
14375 ASTR value corresponding to slave 18 on FSSB line 2 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





[Input type] Parameter input 
[Data type] Byte 
[Valid data range] 0to23,80,-40,-96 
Each of these parameters sets the value (ATR value) of the address 
translation table corresponding to each of slave | to slave 18 on FSSB 
line 2 (second optical connector). 
- | When the slave is an amplifier: 
Set a value obtained by subtracting | from the setting of 
parameter No. 1023 for the axis to which the amplifier is 
assigned. 
- When the slave is a separate detector interface unit: 
Set 80 for the third separate detector interface unit (connected 
near the CNC), and set -40 for the fourth separate detector 
interface unit (connected far from the CNC). 
- | When the slave is nonexistent: 
Set -96. 


NOTE 

1 Set these parameters only when a servo axis 
control card with two optical connectors (FSSB 
lines) is used. 
When the FSSB is set to the automatic setting 
mode (when the parameter FMD (No.1902#0) is 


set to 0), parameter Nos. 14358 to 14375 are 
automatically set as data is input on the FSSB 
setting screen. When the manual setting 2 mode is 
set (when the parameter FMD (No.1902#0) is set 
to 1), be sure to directly set values in parameter 
Nos. 14358 to 14375. 
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yer ATR value corresponding to connector 1 on the first separate detector 
interface unit 
hae ATR value corresponding to connector 2 on the first separate detector 
interface unit 
ATR value corresponding to connector 8 on the first separate detector 
interface unit 
danse ATR value corresponding to connector 1 on the second separate detector 
interface unit 
ATR value corresponding to connector 8 on the second separate detector 
interface unit 
ATR value corresponding to connector 1 on the third separate detector 
interface unit 
ATR value corresponding to connector 8 on the third separate detector 
interface unit 
qaaa ATR value corresponding to connector 1 on the fourth separate detector 
interface unit 
‘aan? ATR value corresponding to connector 8 on the fourth separate detector 
interface unit 


[Input type] 
[Data type] 
[Valid data range] 


NOTE 


When this parameter is set, the power must be 
turned off before operation is continued. 





Parameter input 

Byte 

0 to 32 

Each of these parameters sets the value (ATR value) of the address 
translation table corresponding to each connector on a separate 
detector interface unit. 

The first and second separate detector interface units are connected to 
FSSB line 1, and the third and fourth separate detector interface units 
are connected to FSSB line 2. 

In each of these parameters, set a value obtained by subtracting | from 
the setting of parameter No. 1023 for the axis connected to a 
connector on a separate detector interface unit. 

When there is an axis for which bit 1 of parameter No. 1815 is set to 0 
to use a separate detector interface unit, set 32 for those connectors 
that are not used. 
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NOTE 
When the FSSB is set to the automatic setting 
mode (when the parameter FMD (No.1902#0) is 
set to 0), parameter Nos. 14376 to 14407 are 
automatically set as data is input on the FSSB 
setting screen. When the manual setting 2 mode is 


set (when the parameter FMD (No.1902#0) is set 
to 1), be sure to directly set values in parameter 
Nos. 14376 to 14407. 





[Input type] Parameter input 
[Data type] Bit path 


# 6 FNW_ When the feedrate is determined according to the feedrate difference 
and acceleration in AI contour control: 

0: The maximum feedrate at which the allowable feedrate 
difference and acceleration for each axis are not exceeded is 
used. 

1: The maximum feedrate at which the allowable feedrate 
difference and acceleration for each axis are not exceeded is used. 
The feedrate is determined so that the decreased feedrate is 
constant regardless of the move direction when the profile is the 
same. 

A feedrate is determined to satisfy the condition that the allowable 

feedrate difference and allowable acceleration rate of each axis are not 

exceeded, and also to ensure that a constant deceleration rate is 
applied to the same figure regardless of the direction of movement. 
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#5 


[ 


#0 


#4 


#7 


#6 #5 #4 #3 #2 #1 #0 
La ae ei 2 aS (aa | ae 


[Input type] 


[Data type] 


FRP 


Parameter input 
Bit path 


Linear rapid traverse is: 

0: Acceleration/deceleration after interpolation 

1: Acceleration/deceleration before interpolation 

Set a maximum allowable acceleration rate for each axis in parameter 
No. 1671. 

When using bell-shaped acceleration/deceleration before interpolation, 
set an acceleration rate change time in parameter No. 1672. 


When this parameter is set to 1, acceleration/deceleration before 

interpolation is also applied to rapid traverse if all conditions below 

are satisfied. At this time, acceleration/deceleration after interpolation 

is not applied. 

- Bit 1 (LRP) of parameter No. 1401 is set to 1: Linear 
interpolation type positioning 

- A value other than 0 is set in parameter No. 1671 for an axis. 

- The Al contour control mode is set. 

If all of these conditions are not satisfied, acceleration/deceleration 

after interpolation is applied. 


#7 


#6 #5 #4 #3 #2 #1 #0 
aaa (aa ea (ae fe ee 


Input type] 
[Data type] 


HPF 


ZOL 


Parameter input 
Bit path 


When a feedrate is determined based on acceleration in AI contour 
control, smooth feedrate control is: 

0: Not used. 

1: Used. 


The deceleration function based on cutting load in AI contour control 
(deceleration based on Z-axis fall angle) is: 

0: Enabled for all commands. 

1: Enabled for linear interpolation commands only. 
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#7 #6 #5 #4 #3 #2 #1 #0 


a Ce a Fe 


[Input type] 
[Data type] 


#1 ZG2 


Parameter input 
Bit path 


When the deceleration function based on cutting load in AI contour 
control (deceleration based on Z-axis fall angle) is used: 

0: Stepwise override values are applied. 

1: Inclined override values are applied. 

This parameter is valid only when bit 4 (ZAG) of parameter No. 8451 
is set to 1. 

When this parameter is set to 1, be sure to set parameter Nos. 19516, 
8456, 8457, and 8458. 


Override for area 1 in deceleration based on cutting load in Al contour 
control 


[Input type] 


[Data type] 


[Unit of data] 


[Valid 


#5 


# 6 


data range] 


Parameter input 

Word path 

% 

1 to 100 

This parameter sets an override value for area 1 when the deceleration 
function based on cutting load in AI contour control is used. 

This parameter is valid only when bit 1 (ZG2) of parameter No. 19515 
is set to 1. 


#7 #6 #5 #4 #3 #2 #1 #0 
aa DS ae (| | 


[Input type] 


[Data type] 


CYA 


CYS 


Parameter input 
Bit path 


Specifies whether to perform cylindrical interpolation cutting point 
compensation in the cylindrical interpolation command (G07.1). 

0: Perform. 

1: Do not perform. 


Specifies whether when the cylindrical interpolation cutting point 

compensation function is used, cutting point compensation is 

performed between blocks or together with a block movement if the 

cutting point compensation value is less than the setting of parameter 

No. 19534. 

0: Performed between blocks. 

1: Performed together with a block movement if the cutting point 
compensation value is less than the setting of parameter No. 
19534. 
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Limit for changing cylindrical interpolation cutting point compensation in a 
single block 


[Input type] Parameter input 
[Data type] Real path 
[Unit of data] | mm, inch (input unit) 
[Minimum unit of data] Depend on the increment system of the reference axis 
[Valid data range] 1 to 999999999 
The following operation is performed, depending on the setting of 
parameter No.19530: 
1) Parameter CYS (bit 6 of No. 19530) is set to 0 
If the amount of cylindrical interpolation cutting point 
compensation is smaller than the value set in this parameter, 
cylindrical interpolation cutting point compensation is not 
performed. Instead, this ignored amount of cylindrical 
interpolation cutting point compensation is added to the next 
amount of cylindrical interpolation cutting point compensation to 
determine whether to perform cylindrical interpolation cutting 
point compensation. 





2) Parameter CYS (bit 6 of No. 19530) is set to 1 
If the amount of cylindrical interpolation cutting point 
compensation is smaller than the value set in this parameter, 
cylindrical interpolation cutting point compensation is performed 
together with the movement of the specified block. 


NOTE 
Set this parameter as follows: 


Setting > (setting for a rotation axis in parameter 
No. 1422) x 4/3 where 4/3 is a constant for internal 
processing. 
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[Input type] 


[Data type] 


[Unit of data] 
[Minimum unit of data] 


[Valid 


#0 


data range] 
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Limit of travel distance moved with the cylindrical interpolation cutting point 





compensation in the previous block unchanged. 


Parameter input 

Real path 

mm, inch (input unit) 

Depend on the increment system of the reference axis 

1 to 999999999 

The following operation is performed, depending on the type of 

interpolation: 

1) For linear interpolation 
If the travel distance in a specified block is smaller than the value 
set in this parameter, machining is performed without changing 
the cylindrical interpolation cutting point compensation in the 
previous block. 

2) For circular interpolation 
If the diameter of a specified arc is smaller than the value set in 
this parameter, machining is performed without changing the 
cylindrical interpolation cutting point compensation in the 
previous. block. Cylindrical interpolation cutting point 
compensation is not performed according to a circular 
movement. 


#7 


#6 #5 #4 #3 #2 #1 #0 
Si 


[Input type] 


[Data type] 


FAP 


Parameter input 
Bit path 


Optimal torque acceleration/deceleration is: 

0: Disabled. 

1: Enabled. 

When the linear positioning parameters, namely bit 1 (LRP) of 
parameter No. 1401 and bit 0 (FAP) of parameter No. 19540, are set 
to 1, and a value other than 0 is set in reference acceleration parameter 
(No. 1671) for an axis, the acceleration/deceleration for rapid traverse 
becomes optimal torque acceleration/deceleration in the mode for 
acceleration/deceleration before look-ahead interpolation (or the AI 
contour control mode). Optimal torque acceleration/ deceleration is 
controlled according to parameter-set restricted acceleration curve 
data. 
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Setting of restricted acceleration curve data 


P41 Restricted 
te acceleration curve 


P2 


Allowed 
acceleratio 






Speed 








For each travel direction and each acceleration/deceleration operation, 
set the speed and allowable acceleration rate at each of the 
acceleration setting points (PO to P5) for each axis in parameters. Set 
speeds in the speed parameters (No. 19541 to No. 19543). Set 
allowable acceleration rates in the allowable acceleration parameters 
(No. 19545 to No. 19568). 


[Input type] 

[Data type] 

[Unit of data] 
[Valid data range] 


Parameter input 

Word axis 

0.01% 

0 to 10000 

The speeds at acceleration setting points Pl to P4 are to be set with 
speed parameters Nos. 19541 to 19544 as ratios to the rapid traverse 
speed (parameter No. 1420). The speed at PO is 0, and the speed at PS 
is the rapid traverse rate specified with parameter (No. 1420). Any 
acceleration setting point for which the speed parameter (one of Nos. 
19541 to 19544) is set to 0 will be skipped. 
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19547 


19548 


19557 
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Optimal torque acceleration/deceleration (acceleration at PO during 


movement in + direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P1 during 


movement in + direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P2 during 


movement in + direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P3 during 


movement in + direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P4 during 


movement in + direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P5 during 


movement in + direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at PO during 


movement in - direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P1 during 


movement in - direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P2 during 


movement in - direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P3 during 


movement in - direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P4 during 


movement in - direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at P5 during 


movement in - direction and acceleration) 


Optimal torque acceleration/deceleration (acceleration at PO during 


movement in + direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P1 during 


movement in + direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P2 during 


movement in + direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P3 during 





movement in + direction and deceleration) 
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19567 


19568 


— 
= 
S 
= 
a 9 
<< 
ao} 
fo) 
faa 


[Data type] 
[Unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 
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Optimal torque acceleration/deceleration (acceleration at P4 during 


movement in + direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P5 during 


movement in + direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at PO during 


movement in - direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P1 during 


movement in - direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P2 during 


movement in - direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P3 during 


movement in - direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P3 during 


movement in - direction and deceleration) 


Optimal torque acceleration/deceleration (acceleration at P5 during 


movement in - direction and deceleration) 


Parameter input 

Word axis 

0.01% 

0 to 32767 

For each travel direction and each acceleration/deceleration operation, 
set the allowable acceleration rate at each of the acceleration setting 
points (PO to P5). As an allowable acceleration rate, set a ratio to the 
value set in the reference acceleration parameter (No. 1671). When 0 
is set, the specification of 100% is assumed. 


Tolerance smoothing for nano smoothing 


Setting input 

Real path 

mm, inch, degree (input unit) 

Depend on the increment system of the applied axis 

0 or positive 9 digit of minimum unit of data (refer to the standard 
parameter setting table (B) ) 

(When the increment system is IS-B, 0.0 to +999999.999) 

This parameter sets a tolerance value for a program created using 
miniature line segments in nano smoothing. 

When 0 is set in this parameter, a minimum amount of travel in the 
increment system is regarded as a tolerance value. 
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Minimum amount of travel of a block that makes a decision based on an 
angular difference between blocks for nano smoothing 


[Input type] 


[Data type] 


[Unit of data] 
[Minimum unit of data] 


[Valid 


data range] 


19607 


[Input type] 


#1 


#5 


[Data type] 


SPG 


CAV 


Setting input 

Real path 

mm, inch, degree (input unit) 

Depend on the increment system of the reference axis 

0 or positive 9 digit of minimum unit of data (refer to the standard 
parameter setting table (B) ) 

(When the increment system is IS-B, 0.0 to +999999.999) 

This parameter sets the minimum amount of travel of a block that 
makes a decision based on an angular difference between blocks for 
nano smoothing. A block that specifies an amount of travel less than 
the value set in this parameter makes no decision based on an angular 
difference. 

When 0 is set in this parameter, a decision based on an angular 
difference is made with all blocks. 

A value greater than the value set in parameter No. 8490 for making a 
decision based on the minimum travel distance of a block must be set. 


#7 #6 #5 #4 #3 #2 #1 #0 





Parameter input 
Bit path 


To apply cutter compensation for 5-axis machining to a machine 

having a table rotation axis, as the G code to be specified: 

0: G41.2/G42.2 is used regardless of the machine type. 

1: G41.4/G42.4 is used for a table rotation type machine; 
G41.5/G42.5 for a mixed type machine. 


When an interference check finds that interference (overcutting) 

occurred: 

0: Machining stops with the alarm (PS0041). 

(Interference check alarm function) 

1: Machining is continued by changing the tool path to prevent 
interference (overcutting) from occurring. (Interference check 
avoidance function) 

For the interference check method, see the descriptions of bit 1 (CNC) 

of parameter No. 5008 and bit 3 (CNV) of parameter No. 5008. 
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#7 


#6 #5 #4 #3 #2 #1 #0 
ace ee ee 


[Input type] 
[Data type] 
#1 NI5 
# 2 DET 
#5 PRI 
# 6 MIR 


Parameter input 
Bit path 


For an interference check of cutter compensation for 5-axis 

machining: 

0: The specified position in the workpiece coordinate system and 
compensation vector are used. 

The interference check avoidance function cannot be used. 

1: The position at which the programmed command specified with 
the table coordinate system is focused onto the plane normal to 
the tool axis direction and the compensation vector are used. 

The interference check avoidance function can be used. 


When the programming coordinate system is fastened to the table in 

tool tip point control for 5-axis machining or cutter compensation for 

5-axis, the relative position and absolute position of a specified path 

are: 

0: Displayed in the programming coordinate system (fastened to the 
table). 

1: Displayed in the workpiece coordinate system (not fastened to 
the table). 


Among multiple end point candidates that exist when a movement is 

made on a rotation axis by a command such as I, J, and K when a 

slanted surface machining command is specified under tool tip point 

control for 5-axis machining (type 2) or cutter compensation for 5-axis 

(type 2): 

0: A combination in which the master (first rotation axis) makes a 
smaller angular movement is selected for a machine of tool 
rotation type or table rotation type. A combination in which the 
table (second rotation axis) makes a smaller angular movement is 
selected for a machine of composite type. 

1: A combination in which the slave (second rotation axis) makes a 
smaller angular movement is selected for a machine of tool 
rotation type or table rotation type. A combination in which the 
tool (first rotation axis) makes a smaller angular movement is 
selected for a machine of composite type. 


When programmable mirror image is applied to a linear axis in tool tip 
point control for 5-axis machining (type 2) or cutter compensation for 
5-axis (type 2), mirror image is: 

0: Not applied to a specified I, J, or K command 

1: Applied to a specified I, J, or K command. 
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Variation in determining an angle for leading edge offset 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 
Real path 
degree 
Depend on the increment system of the reference axis 
9 digit of minimum unit of data (refer to standard parameter setting 
table (A)) 
(When the increment system is IS-B, -999999.999 to +999999.999) 
Set a variation range for determining the included angle between the 
tool vector (VT) and movement vector (VM) to be 0°, 180°, or 90° in 
the leading edge offset function. 
For example, let the included angle between VT and VM be 0 
(0<6<180) and the angle set in this parameter be AO. Then, 0 is 
determined as follows: 

If 0<O<A0: 6=0° 

If (180—A8)<@6<1 80: 0=180° 

If (90-A8)<0<(90+A8):0=90° 
Normally, a value around 1.0 is set. 


Distance from a programmed point (pivot point) to tool tip position (cutting 





point) 


Parameter input 

Real path 

mm, inch (input unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A)) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
Set the distance from a programmed point to actual cutting point to 
allow vector calculation for cutter compensation for 5-axis machining 
at the tool tip. 

If this parameter is set to 0, the cutter compensation function for 
5-axis machining cannot be performed at the tool tip. 


NOTE 
When changing the setting of this parameter, make 


the change before turning on the cutter 
compensation mode for 5-axis machining. 
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[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


APPENDIX A.PARAMETERS 


Angle for determination in interference checks in cutter compensation for 





5-axis machining 


Parameter input 

Real path 

degree 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A)) 

(When the increment system is IS-B, -999999.999 to +999999.999) 

In cutter compensation for 5-axis machining, if the difference in angle 
between two tool vectors is greater than or equal to the setting in this 
parameter, the tool direction is regarded as having changed. 

If 0 is set, 45 degrees is assumed. 


Let two tool vectors be Va and Vb. If the difference in angle is a 
degrees or greater as shown in the figure below, the tool vector is 
regarded as having changed. 

Va 


a degrees 


Vb 


Angle used to determine whether to execute the interference 





check/avoidance function of cutter compensation for 5-axis machining 


Setting input 

Real path 

deg 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

The interference check/avoidance function of cutter compensation for 
5-axis machining is executed when the angle difference between the 
tool direction vectors for the target two points is less than the setting. 


This parameter is valid when bit 1 (NI5) of parameter No. 19608 is set 
to 1. When the setting is 0, the angle is assumed to be 10.0 degrees. 
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19658 Angular displacement of a rotation axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

deg 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets the coordinate of a rotation axis, among the 
rotation axes determining the tool axis direction, which is not 
controlled by the CNC for the tool axis direction tool length 
compensation function. Whether this parameter is valid or invalid is 
determined by the setting of bit 1 (RAP) of parameter No. 19650. 


Offset value for the angular displacement of a rotation axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

deg 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
An offset can be applied to the angular displacement for the tool axis 
direction tool length compensation function to compensate for the 
move direction. 


19660 Origin offset value of a rotation axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

deg 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets an angular displacement shifted from the origin 
for a rotation axis for the tool axis direction tool length compensation 
function. 
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[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


APPENDIX 


Parameter input 

Real axis 

mm, inch (machine unit) 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets the vector from the first rotation axis center to the 
second rotation axis center for the tool axis direction tool length 
compensation function. 


Spindle center compensation vector in tool axis direction tool length 
compensation 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm, inch (machine unit) 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets the compensation vector for the spindle center for 
the tool axis direction tool length compensation function. 


#7 


#6 #5 #4 #3 #2 #1 #0 
eae ea a ee ee 








[Input type] Parameter input 
[Data type] Bit path 
#4 SPR _ The controlled point is shifted by: 
0: Automatic calculation. 
1: Using parameter No. 19667. 
SVC (bit 5 of | SPR (bit 4 of 
parameter parameter Shift of controlled point 
No. 19665) No. 19665) 
0 - Shift is not performed as not done conventionally. 





The controlled point is shifted according to the result of the following automatic 
calculation: 

- (Intersection offset vector between the tool axis and the first rotation axis of the 
tool + intersection offset vector between the second and first rotation axes of the 
tool + tool holder offset (parameter No. 19666)) 

(See the figure below.) 














The controlled point is shifted. 
As the shift vector, the vector set in parameter No. 19667 is used. 
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Shift of controlled point 











First rotary axis of tool 









Controlled point 

















ee Controlled-point shift vector 








Second rotary axis of tgol 








~~ | Tool holder offset 




















Tool length offset 











Tool center point 




















[Controlled-point shift vector when automatically calculated] 


The controlled point is: 

0: Not shifted. 

1: Shifted. 

The method of shifting is specified by bit 4 (SPR) of parameter No. 
19665. 


NOTE 
When the machine has no rotation axis for 
rotating the tool (when parameter No. 19680 is set 


to 12 to specify the table rotation type), the 
controlled point is not shifted regardless of the 
setting of this parameter. 
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[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

mm, inch (machine unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A)) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
When the tool axis direction tool length compensation function, tool 
tip center rotation handle feed/interrupt, and the display of the tool 
center point position are performed, specify the offset for the 
machine-specific section from the rotation center of the rotation axis 
to the tool mounting position (the tool holder offset value) in tool 
length compensation during tool center point control, tool center point 
control for 5-axis machining, and tilted working plane command mode 
(after G53.1). For the tool axis direction tool length compensation 
function, the tool holder offset function can be enabled or disabled by 
setting bit 7 (ETH) of parameter No. 19665. 


NOTE 
Set a radius value. 


19667 Controlled-point shift vector 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real axis 

mm, inch (machine unit) 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A)) 

(When the increment system is IS-B, -999999.999 to +999999,.999) 
Set the shift vector for the controlled point. This value becomes valid 
when bit 5 (SVC) of parameter No. 19665 is set to 1, and bit 4 (SPR) 
of parameter No. 19665 is set to 1. 


NOTE 
Set a radius value. 
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19680 Mechanical unit type 


[Input type] Parameter input 
[Data type] Byte path 
[Valid datarange] 0 to 21 
Specify the type of the mechanical unit. 
Parameter | Mechanical unit | Controlled rotation 
No. 19680 type axis 
Mechanism having no 
rotation axis 


Master and slave 





The first rotation axis is the master, 
and the second rotation axis is the 
slave. 

The first rotation axis is the master, 
and the second rotation axis is the 
slave. 

The first rotation axis is the tool 
rotation axis, and the second 
rotation axis is the table rotation 
axis. 


Tool rotation Two rotation axes of 
type the tool 





Table rotation Two rotation axes of 
type the table 





One rotation axis of the 
Mixed type tool + one rotation axis 
of the table 











First rotary axis (master) 
Second rotary axis (slave) Tool rotary 


axes 


Second rotary axis (slave) 
Table rotary 
First rotary axis (master) axes 


NOTE 

A hypothetical axis is also counted as a 
controlled rotary axis. 
<Hypothetical axis> 

In some cases, it is convenient to use an 
imaginary rotary axis whose angle is fixed to a 
certain value. For example, suppose that a tool is 
mounted in a tilted manner through an attachment. 
In such a case, the rotary axis considered 
hypothetically is a hypothetical axis. Bits 0 and 1 of 
parameter No. 19696 determine whether each 
rotary axis is an ordinary roatry axis ora 
hypothetical axis. 
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19681 Controlled-axis number for the first rotation axis 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 0 to Number of controlled axes 
Set the controlled-axis number for the first rotation axis. 
For a hypothetical axis (when bit 0 (IA1) of parameter No. 19696 is 1), 
set 0. 


19684 Rotation direction of the first rotation axis 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] Otol 
Set the direction in which the first rotation axis rotates as a mechanical 
motion when a positive move command is issued. 
0: Clockwise direction as viewed from the negative to positive 
direction of the axis specified in parameter No. 19682 
(right-hand thread rotation) 
1: Counterclockwise direction as viewed from the negative to 
positive direction of the axis specified in parameter No. 19682 
(left-hand thread rotation) 
Normally, 0 is set for a tool rotation axis, and | is set for a table 
rotation axis. 


19686 Controlled-axis number for the second rotation axis 


[Input type] Parameter input 
[Data type] Byte path 
[Valid data range] 0 to Number of controlled axes 
Set the controlled-axis number for the second rotation axis. 
For a hypothetical axis (bit 1 ([A2) of parameter No. 19696 is 1), set 
0. 


#7 #6 #5 #4 #3 #2 #1 #0 
| | rc | were | TCT CC 


[Input type] Parameter input 
[Data type] Bit path 


#5 WKP For a 5-axis machine having a table rotation axis, as the programming 
coordinate system for tool tip point control for 5-axis machining or 
cutter compensation for 5-axis machining: 

0: The table coordinate system (coordinate system fixed on the 
rotary table) is used. 
1: The workpiece coordinate system is used. 


NOTE 
For cutter compensation for 5-axis machining, the 


setting of this parameter is used only when bit 4 
(TBP) of parameter No. 19746 is set to 1. 
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In tool center point control for 5-axis machining, when a command 
that does not move the tool center point with respect to the workpiece 
is issued, the feedrate of the rotation axis is: 

0: The maximum cutting feedrate (parameter No. 1422). 

1: A specified feedrate. 


19697 Reference tool axis direction 


[Input type] 
[Data type] 
[Valid data range] 


Parameter input 

Byte path 

0 to 3 

Set the tool axis direction in the machine coordinate system when the 
rotation axes for controlling the tool are all at 0 degrees. Also, set the 
tool axis direction in the machine coordinate system in a mechanism 
in which only the rotation axes for controlling the table are present 
(there is no rotation axis for controlling the tool). 

1: Positive X-axis direction 

2: Positive Y-axis direction 

3: Positive Z-axis direction 

When the reference tool axis direction is neither the X-, Y-, nor Z-axis 
direction, set the reference direction in this parameter, then set 
appropriate angles as the reference angle RA and reference angle RB 
(parameter Nos. 19698 and 19699). 








Reference tool axis direction 











Tool axis direction is positive Z-axis direction. 


Zz 





Tool axis direction is positive Y-axis direction. 


X 


Tool axis direction is positive X-axis direction. 
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19698 Angle when the reference tool axis direction is tilted (reference angle RA) 
19699 Angle when the reference tool axis direction is tilted (reference angle RB) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

Degree 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
(When the increment system is IS-B, -999999.999 to +999999,999) 
When the reference tool axis direction (parameter No. 19697) is set to 
1, the tool axis is tilted the RA degrees on the Z-axis from the positive 
X-axis direction to positive Y-axis direction, then the tool axis is tilted 
the RB degrees on the X-axis from the positive Y-axis direction to 
positive Z-axis direction. 

When the reference tool axis direction (parameter No. 19697) is set to 
2, the tool axis is tilted the RA degrees on the X-axis from the positive 
Y-axis direction to positive Z-axis direction, then the tool axis is tilted 
the RB degrees on the Y-axis from the positive Z-axis direction to 
positive X-axis direction. 

When the reference tool axis direction (parameter No. 19697) is set to 
3, the tool axis is tilted the RA degrees on the Y-axis from the positive 
Z-axis direction to positive X-axis direction, then the tool axis is tilted 
the RB degrees on the Z-axis from the positive X-axis direction to 
positive Y-axis direction. 








Tool axis direction when the reference tool axis direction is Z-axis 

















Tool holder offset 











Tool length offset 
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janie Intersection offset vector between the second and first rotation axes of the 
tool (X-axis of the basic three axes) 

jars Intersection offset vector between the second and first rotation axes of the 
tool (Y-axis of the basic three axes) 

iania Intersection offset vector between the second and first rotation axes of the 
tool (Z-axis of the basic three axes) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

mm, inch (machine unit) 

Depend on the increment system of the applied axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A)) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
Set these parameters when the rotation axes of the tool do not 
intersect. 

These parameters are valid when parameter No. 19680 is set to 2. 

Set the vector from point E on the second rotation axis of the tool to 
point F on the first rotation axis of the tool as the intersection offset 
vector in the machine coordinate system when the rotation axes for 
controlling the tool are all at 0 degrees. 














When tool axis and tool rotary axis do not intersect 








First rotary axis of tool 





Controlled point 












Intersection offset vector between second and first 
rotary axes of tool 











| Intersection offset vector between tool axis and second 
rotary axis of tool 














Second rotary 
axis of tool 

















Tool holder offset 














Tool length offset 














Tool center point 




















NOTE 


As point F, set a position that is easy to measure. 
Set a radius value. 
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19741 Upper limit of the movement range of the first rotation axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

Degree 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
(When the increment system is IS-B, -999999.999 to +999999.999) 

In tool center point control for 5-axis machining (type 2), cutter 
compensation for 5-axis (type 2), or tilted working plane command, 
set the upper limit of the movement range of the first rotation axis. 
When the movement range of the first rotation axis is not specified, 
this parameter and parameter No. 19742 must both be set to 0. 


19742 Lower limit of the movement range of the first rotation axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

Degree 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
(When the increment system is IS-B, -999999.999 to +999999,.999) 

In tool center point control for 5-axis machining (type 2), cutter 
compensation for 5-axis (type 2), or tilted working plane command, 
set the lower limit of the movement range of the first rotation axis. 
When the movement range of the first rotation axis is not specified, 
this parameter and parameter No. 19741 must both be set to 0. 


19743 Upper limit of the movement range of the second rotation axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

Degree 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
(When the increment system is IS-B, -999999.999 to +999999.999) 

In tool center point control for 5-axis machining (type 2), cutter 
compensation for 5-axis (type 2), or tilted working plane command, 
set the upper limit of the movement range of the second rotation axis. 
When the movement range of the second rotation axis 1s not specified, 
this parameter and parameter No. 19744 must both be set to 0. 
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19744 Lower limit of the movement range of the second rotation axis 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


[Input type] 
[Data type] 
#1 PTD 
#2 LOD 
# 3 LOZ 
#4 TBP 


Parameter input 

Real path 

Degree 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
(When the increment system is IS-B, -999999.999 to +999999.999) 

In tool center point control for 5-axis machining (type 2), cutter 
compensation for 5-axis (type 2), or tilted working plane command, 
set the lower limit of the movement range of the second rotation axis. 
When the movement range of the second rotation axis is not specified, 
this parameter and parameter No. 19743 must both be set to 0. 


#7 #6 #5 #4 #3 #2 #1 #0 
[ers [ter [oz [ios [ro [ 
Parameter input 
Bit path 


When cutter compensation for 5-axis machining is performed for a 

machine of table rotation type, the tool direction is specified: 

0: Using parameters No. 19697, No. 19698, and No. 19699. 

1: As a direction perpendicular to the plane specified by 
G17/G18/G19. 


As the tool length for 5-axis machining manual feed: 

0: The value of parameter No. 12318 is used. 

1: The tool length currently used for tool length compensation is 
used. 


When bit 2 (LOD) of parameter No. 19746 is set to 1 and tool length 
compensation is not applied, as the tool length for 5-axis machining 
manual feed: 

0: The value of parameter No. 12318 is used. 

1: Ois used. 


For a 5-axis machine having a table rotation axis, as the programming 
coordinate system for cutter compensation for 5-axis machining: 

0: The workpiece coordinate system is used. 

1: The setting of bit 5 (WKP) of parameter No. 19696 is used. 
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In tool tip point control for 5-axis machining, when the deviation from 
the path during movement at the specified cutting feedrate or rapid 
traverse rate is determined to exceed the limit: 

0: The feedrate or rapid traverse rate is not decreased. 

1: The feedrate or rapid traverse rate is controlled so that the limit 
of the deviation from the path set in the parameter for the cutting 
feed or rapid traverse is not exceeded. 

When this parameter is set to 1: 

In the rapid traverse mode, the rapid traverse rate is decreased so that 

the deviation from the path does not exceed the limit specified in 

parameter No. 19751. 

In the cutting feed mode, the cutting feedrate is decreased so that the 

deviation from the path does not exceed the limit specified in 

parameter No. 19752. 


19751 Limit of the deviation from the path (for rapid traverse) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

mm, inch (machine unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets the limit of the deviation from the path in the rapid 
traverse mode in tool tip point control for 5-axis machining. 

If the tool moves at the specified rate, the deviation from the path may 
exceed the value specified in this parameter. In this case, the rate is 
decreased so that the tool moves along the path. 

This parameter is valid when bit 6 (CRS) of parameter No. 19746 is 
set to 1. 

When 0 is set, the least input increment is assumed to be the limit of 
the deviation from the path. 

If a negative value is set, the rapid traverse rate is not decreased. 


NOTE 
The error generated after the rate is decreased 


may be smaller than the value set in this parameter 
depending on the calculation error. 
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19752 Limit of the deviation from the path (for cutting feed) 


[Input type] 

[Data type] 

[Unit of data] 
[Minimum unit of data] 
[Valid data range] 


Parameter input 

Real path 

mm, inch (machine unit) 

Depend on the increment system of the reference axis 

9 digit of minimum unit of data (refer to standard parameter setting 
table (A) ) 

(When the increment system is IS-B, -999999.999 to +999999.999) 
This parameter sets the limit of the deviation from the path in the 
cutting feed mode in tool tip point control for 5-axis machining. 

If the tool moves at the specified rate, the deviation from the path may 
exceed the value specified in this parameter. In this case, the rate is 
decreased so that the tool moves along the path. 

This parameter is valid when bit 6 (CRS) of parameter No. 19746 is 
set to 1. 

When 0 is set, the least input increment is assumed to be the limit of 
the deviation from the path. 

If a negative value is set, the cutting feedrate is not decreased. 


NOTE 
The error generated after the rate is decreased 


may be smaller than the value set in this parameter 
depending on the calculation error. 
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A.2 DATA TYPE 





Parameters are classified by data type as follows: 
Data type Valid data range Remarks 
Bit 
Bit machine group 
Bit path 
Bit axis 
Bit spindle 
Byte 
Byte machine group -128 to 127 Some parameters handle 


Byte path 0 to 255 these types of data as 
Byte axis unsigned data. 





























Byte spindle 
Word 
Word machine group -32768 to 32767 Some parameters handle 


Word path 0 to 65535 these types of data as 
Word axis unsigned data. 

















Word spindle 
2-word 
2-word machine group Some parameters handle 
2-word path 0 to +999999999 | these types of data as 
2-word axis unsigned data. 

2-word spindle 
Real 

Real machine group See the standard 
Real path parameter setting 
Real axis tables. 

Real spindle 






































NOTE 


1 





Each of the parameters of the bit, bit machine group, bit path, bit axis, and bit 
spindle types consists of 8 bits for one data number (parameters with eight different 
meanings). 

For machine group types, parameters corresponding to the maximum number of 
machine groups are present, so that independent data can be set for each machine 
group. 

For path types, parameters corresponding to the maximum number of paths are 
present, so that independent data can be set for each path. 

For axis types, parameters corresponding to the maximum number of control axes 
are present, so that independent data can be set for each control axis. 

For spindle types, parameters corresponding to the maximum number of spindles 
are present, so that independent data can be set for each spindle axis. 

The valid data range for each data type indicates a general range. The range varies 
according to the parameters. For the valid data range of a specific parameter, see 
the explanation of the parameter. 
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A.3 STANDARD PARAMETER SETTING TABLES 





This section defines the standard minimum data units and valid data 
ranges of the CNC parameters of the real type, real machine group 
type, real path type, real axis type, and real spindle type. The data type 
and unit of data of each parameter conform to the specifications of 
each function. 


NOTE 

1 Values are rounded up or down to the nearest 
multiples of the minimum data unit. 

2 A valid data range means data input limits, and 


may differ from values representing actual 
performance. 

For information on the ranges of commands to the 
CNC, refer to Appendix D, "Range of Command 
Value." 





(A) Length and angle parameters (type 1) 
| Unitofdata_| Increment [Minimum | __—Validdatarange_— 


-999999.99 to +999999.99 
0.001 -999999.999 to +999999.999 
: 


0.000001 -999.999999 +999.999999 


- : to : 
- : to : 

inch - to ; 
- to : 


mm 
0.0001 -99999.9999 +99999.9999 


0.00001 -9999.99999 +9999.99999 
0.000001 -999.999999 +999.999999 
0.0000001 -99.9999999 to +99.9999999 


(B) Length and angle parameters (type 2) 


Unit of data inetement mlolmun Valid data range 
system data unit 


0.00 to_+999999.99 
0.001 0.000 to +999999.999 
: 


mm 
eg. 





0.0001 0.0000 +99999.9999 
0.00001 0.00000 +9999.99999 
0.000001 0.000000 +999.999999 


0.00001 0.00000 +9999.99999 
0.000001 0.000000 +999.999999 
0.0000001 0.0000000 to +99.9999999 





to : 

to : 

: : to : 

inch to : 
to : 
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(C) Velocity and angular velocity parameters 


Unit of data neremnent imu Valid data range 
system data unit 


0.00 to +999000.00 
0.001 0.000 to +999000.000 





mm/min 0.0001 0.0000 to ++99999.9999 


IS-D 0.00001 0.00000 to +9999.99999 
0.000001 0.000000 to +999.999999 


0.001 0.000 to +96000.000 
0.0001 0.0000 to +9600.0000 


degree/min 


inch/min 0.00000 to +4000.00000 


0.000001 0.000000 to  +400.000000 
0.0000001 0.0000000 to +40.0000000 





(D)Acceleration and angular acceleration parameters 


Unit of data Increment oimum Valid data range 
system data unit 
0.00 to_ +999999.99 


0.000 to +999999.999 
IS-C 0.0001 0.0000 to _+99999.9999 


deg./sec* ; 
0.00001 0.00000 to  +9999.99999 








mm/sec” 








0.000001 0.000000 to — +999.999999 
0.001 0.000 +99999.999 
0.0001 0.0000 +99999.9999 








inch/sec” 0.00001 0.00000 +9999.99999 
0.000001 0.000000 +999.999999 
0.0000001 0.0000000 +99.9999999 
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PROGRAM CODE LIST 


: : Usable as file 
Character name Code Code without with 
Character : Character A 
(hexadecimal) (hexadecimal) | custom custom 
macro macro 


7 


A 
Address D 

L 
CR 


rc 


is) 
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ISO code EIA code Cuctoniinsero 
Character name Ch Code Code without with Hable ae tle 
aracter : Character A name 
(hexadecimal) (hexadecimal) | custom custom 
macro macro 

Space SP AO SP 10 gq 
Absolute rewind stop % A5 ER 0B 
Control out (start of ( 28 (2-4-5) 4A 
comment) 
Control in (end of ’ AQ (2-4-7) AA 
comment) 
Plus sign + 2B + 70 A ig 
Minus sign - 2D - 40 = 
Colon (address O) : 3A 
Optional block skip / = / = 


Period (decimal point) 


orien 


Dollar sign ee 


a — | ee 
[Apostrophe | | rT 


f “ Parameter 
Asterisk AA (No.601 a) A 


eset ae a eS aa 
lLeftanglebracket |< | 2c 


. Parameter 
fen | = | oo | com fe | | 
/Right ange bracket _{_>_/_pe fd 
Question imate 
conmercl ata [@ [ep fe 
SQuotation:mank: f=" rea ee 


eats 
aoe 
Parameter 


lLowercaselettera | a | EN 

iweisaasioasto | — oe et —$=$<ge he 
Lowercaseletterc | oc | 63 =| | CT 
lLowercaseletterd [| od | ea | | 
lLowercaselettere | ¢ | 65 [| | wT cw 
lLowercaseletterf_ | of | 66 [| =| a | a [ o* | 
lLowercaseletterg§ | 9 | er | | Cw 
lLowercaseletterh | oh =| eS | CT Cw 
lLowercaseletteri_ | i S| SoS | CT Cw 
lLowercaseletterj | oj, =| SAT | CT 
Lowereaseletterk’ | ik eB fd a 
lLowercaseletter! = | ot | ec | CT 
Lowercaseletterm [| om | eD | | Cw 
lLowercaselettern [| on | ET | CT 
lLowercaselettero | 0 | 6F | CU Cw * 
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Usable as file 


Sioracten name Character orn Character code without with name 
(hexadecimal) (hexadecimal) | custom custom 


macro macro 


Lowercase letter p re 


Lowercase letter q q i 


a 
ira lee 
iwerecemtonseen Soe Vee fee ae 
savanna eter) fpf 2g _y 


Lowercase letter u 


ree a |G | 
lLowercaseletterw | ow | 77 | | CT 
lLowercaseletterx | x | 78 | | CT 
lLowercaselettery | y | Fo | | A TT 
lLowercaseletterz | oz =| FA | | CT Tt 


NOTE 
1 The symbols used in the "Custom macro B" column 
have the following meanings. 

(Space) :The character will be registered in 
memory and has a specific meaning. It is 
used incorrectly in a statement other than 
a comment, an alarm occurs. 

The character will not be registered in 
memory and will be ignored. 
The character will be registered in 
memory, but will be ignored during 
program execution. However, a character 
indicated with “*” will not be ignored when 
used in a file name. 
The character will be registered in 
memory. If it is used in a statement other 
than a comment, an alarm occurs. 
If it is used in a statement other than a 
comment, the character will not be 
registered in memory. If itis used ina 
comment, it will be registered in memory. 
2 The symbol used in the column "Usable as file 
name" has the following meaning: 
*: Capable of being coded between "<" and ">" as 
a file name. 

Codes not in this table are ignored if their parity is 

correct. 

Codes with incorrect parity cause the TH alarm. 

But they are ignored without generating the TH 

alarm when they are in the comment section. 
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LIST OF FUNCTIONS AND PROGRAM 
FORMAT 





With some functions, the format used for specification on the 
machining center system differs from the format used for specification 
on the lathe system. Moreover, some functions are used for only one 
of the control types for the machining center system and lathe system. 
Some functions cannot be added as options depending on the model. 
For details of command formats, see the relevant sections or 
subsections. 


In the list, the following symbols are used: 
e For machining center 
x: Ist basic axis (X), 
y : 2nd basic axis (Y), 
z : 3rd basic axis (Z) 
e For lathe 
x: lst basic axis (X), 
z : 2nd basic axis (Z), 
coded using G code system A 
e IP_: presents a combination of arbitrary axis addresses using 
X,Y,Z,A,B and C (suchas X_ Y_ Z_). 
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(1/10) 
| Functions | illustration | Programformat 


Positioning @/P GOO IP_; 
Start point 





Linear interpolation e IP G01 IP_ F_; 
(G01) ee: 
Start point 


Circular interpolation e For machining center 


(G02, G03) Start point eas R. 
OW 0g foe 


R G02 G02 R 
G18 X_Z a F_; 
G03 Se TK: |=? 


mee G02 R 
G03 = 
(x, y) G19 fe Yo 2 , <f F_; 


e For lathe 


G02 
R i ae a ee oa 
G03 Bk, 


Start point 





Helical interpolation 
(G02, G03) 





(x, y) 


In case of G03 on X-Y plane a: Any axis other than circular 
interpolation axes. 


Involute interpolation ee G02.2 
(G02.2, GO3.2) De: Pol OW ess Xp_Yp_l_J_R_F_; 


G02.2 
8 Zp_Xp_K_I|_ R_F_; 
G03.2 





Base circle 


(In case of X-Y plane) 
Exponential interpolation A (Rotary axis) Positive rotation 
(G02.3, G03.3) A G02.3 X_Y_Z_|I_J_ K_R_F_Q; 
Negative rotation 


“ F G038 RV BAL KR OF Oo 




















Lem! X (Linear axis) 
AX 


Relationship between X-axis and A-axis 
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(2/10) 
| Functions | illustration Program format 
Three-dimensional circular Intermediate point G02.4 Xx1 Yy1 Zz1 Get Bat ; 
(X1,Y1,Z1) ot Ppt: 
Weel ales fs “ First block (mid-point of the arc) 
(G02.4, G03.4) y 
Z Xx2 Yy2 Zz2 Oa2 Bpo : 
Start t Second block (end point of the arc) 
pont End point (X2,Y2,Z2) |a, B: Arbitrary axes other than the 


3-dimensional circular interpolation axis 
(up to two axes) 
G03.4 can also be specified instead of GO2.4. 








Dwell xX. 

(G04) G04 ee } 

Al contour control G05 P10000 ; Al contour control start 
(G05) G05P0; Al contour control end 


a ns 
(G05.1) G05. 1Q0; “Al contour comet mode off 
a 
(G05.1) G05. 1Q0; Nano Smopthing miede off 
i = 
(G05.1) G05. 1 Qo: Smooth interpolation mode off 
NURBS interpolation G06.2[P_] K_IP_ [R_] [F_]; 
(G06.2) NURBS interpolation mode on 

P : Rank of NURBS curve 

IP : Control point 

R : Weight 

K : Knot 

F : Feedrate 





Hypothetical axis interpolation G07 IPO ; Hypothetical axis setting 
(G07) G07 IP1 ; Hypothetical axis cancel 
Cylindrical interpolation G07 IP_r_; Cylindrical interpolation mode 


(G07.1) r: Cylinder radius 
G07 IP 0; Cylindrical interpolation mode cancel 





Al contour control (Advanced 
preview control) 

(G08) 

Exact stop 

(G09) 


G08 P1 ; Al contour control mode on 
G08 PO ; Al contour control mode off 











In-position check 
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(3/10) 
| Functions | illustration | Programformat_ 
Programmable data input e For machining center 
(G10) Tool compensation memory A 
G10 L01 P_R_; 


Tool compensation memory B 
G10L10 P_R_; (Geometry offset amount) 
G10L11 P_R_; (Wear offset amount) 

Tool compensation memory C 
G10L10 P_R_; (Geometry offset amount/H) 
G10L11 P_R_; (Wear offset amount/H) 
G10 L12 P_ R_; (Geometry offset amount/D) 
G10 L13 P_R_; (Wear offset amount/D) 

e For lathe 

Geometry offset amount 
G10 P_X_Z_R_Q_; 
P = 10000 + Geometry offset number 

Wear offset amount 
G10 P_X_Z_C_Q_; 
P = Wear offset number 





Tool retract and recover G10.6 IP_; Specify the amount of retraction 
(G10.6) G10.6 (as a single block containing no other 
Withdrawal : 
Return commands) ; 
IP Cancel the amount of retraction 
( 
Retract ! | Repositioning 


(G12.1, G13.1) G13.1 ; Polar coordinate interpolation cancel 
Polar coordinate command Local coordinate system G17 G16 Xp_ Yp_...; 
(G15, G16) Yp G18 G16 Zp_ Xp_...; 

G19 G16 Yp_Zp_...; 


Yp G15 ; Cancel 


Xp 


Xp 
Workpiece coordinate system 


Plane selection G17 ; Xp Yp-plane selection 

(G17, G18, G19) G18 ; Zp Xp-plane selection 
G19 ; Yp Zp-plane selection 

(G20, G21) Metric input G21 ; 

Stored stroke check ; 

(G22, 23) 


(IJK) 


Reference position return check 
(G27) 





Start point 
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APPENDIX _C.LIST OF FUNCTIONS AND PROGRAM FORMAT 


(4/10) 


| Functions | itustration Program format 


Reference position return 
(G28) 

2nd Reference position return 
(G30) 


Movement from reference 
position 
(G29) 


Floating reference position 
return 
(G30.1) 


Skip function 
(G31) 


Cutter or tool nose radius 
compensation, 
three-dimensional cutter 
compensation 

(G38, G39, G40 to G42) 


Cutter or tool nose radius 
compensation 

(G40 to G42) 

(G38, G39) 


Cutter compensation for 5-axis 
machining 
(G41.2, G42.2) 


Start point 


Reference position (G28) 


Intermediate point 


ee “4 Start point 


2nd reference position(G30) 


Reference position 


Intermediate point 


Floating reference position 


Intermediate point 
IP Start 


ea see 


Skip signal 


Programmed path 


Tool vector (path before compensation) 


Css compensati 
~@ 


YQ 


(path after 
‘ofmpensation) 











re so 








Leading edge offset 
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G30.1 IP_; 


G31 IP_F_: 


e For machining center 
G33 IP_ F_; 
F : Lead 
e For lathe 
Equal lead threading 


e For machining center 


D : Tool compensation number 
G40 : Cancel 


e For lathe only 
se ‘ae 
G42 
G40 : Cancel 
eee IP_ D_; Tool side offset 


G40 IP_ ; Cancellation of cutter compensation 


G41.3 D_; Leading edge offset 
G40 ; Canceling the leading edge offset 





C.LIST OF FUNCTIONS AND PROGRAM FORMAT_ APPENDIX 


Normal direction control 
(G40.1, G41.1, G42.1) 


Programmed 


C-axig _ Path 
C-axis mS 


Tool 


wie 


Tool 





Normal direction (in 
which the tool moves) 


Tool length compensation 
(G43, G44, G49) 


Tool length compensation in 
tool axis direction 
(G43.1) 





Tool center point control 
(TYPE1) 
(G43.4) 


Tool center point control 
(TYPE2) 
(G43.5) 


Tool offset 
(G43.7) 
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(5/10) 


Program format 


G41.1 ; Normal direction control on : right 
G42.1 ; Normal direction control on : left 
G40.1 ; Normal direction control cancel 


G43 
G44 Ho 


H : Tool compensation number 

G49 : Cancel 

G43.1 H_; Tool length compensation in tool 
axis direction 

H : Compensation number 

G49 ; Compensation cancel 


G43.4 IPa BH; 

Tool center point control (TYPE1) start 

IPaB; 

IP: In the case of an absolute command, the 
coordinate value of the end point of the tool 
tip movement 
In the case of an incremental command, 
the amount of the tool tip movement 

a, B :In the case of an absolute command, the 
coordinate value of the end point of the 
rotation axes 
In the case of an incremental command, 
the amount of the rotation axis movement 

H : Tool compensation number 

G43.5 IP_H Q ; 

Tool center point control (TYPE2) start 

IPL JK; 

IP: In the case of an absolute command, the 
coordinate value of the end point of the tool 
tip movement 
In the case of an incremental command, 
the amount of the tool tip movement 

I,J,K : Tool axis direction at the block end point 

as seen from the programming 
coordinate system 

H : Tool compensation number 

Q: Inclination angle of the tool (in degrees) 
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(6/10) 
|S Functions ~——s| S—Céiilustration =| SS SSSSCSCéProgramformat i 


Tool offset Serres increase e For machining center 


(G45 to G48) mama, Beeieaed G45 


G46 | pp 
Double increase G47 - 


G48 
jp Double decrease 
D : Tool offset number 





Offset amount 
Scaling e For machining center 
(G50, G51) E = G51 X_Y_Z_ a : 
Py pope I J_K_f’ 


P, 1, J, K: Scaling magnification 
X, Y, Z: Control position of scaling 
G50 : Cancel 


e For lathe only 
Enabled when G code system B/C is used 
Programmable mirror image Mirror G51.1 IP_; 


(G50.1, G51.1) In G50.1;... Cancel 


Coordinate system setting e For lathe only 
Maximum spindle speed clamp G50 IP_; (Coordinate system setting) 
(G50) 

G50 S_; (Maximum spindle speed clamp) 


Z 


Local coordinate system setting Local coordinate G52 IP_; 
(G52) system 
X 


Workpiece 
y coordinate system 





Command in machine G53 IP_; 
coordinate system 
(G53) 


Tool axis direction control G53.1 ; Tool axis direction control 
(G53.1) 


Selection of workpiece 
coordinate system Workpiece 


origin 
(G54 to G59) cate 


_-’ Workpiece coordinate system 





~~" Machine coordinate system 
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(7/10) 


Program format 


e For machining center 
G54.2 P_; Fixture offset 
P : Reference fixture offset value number 
G54.2 PO; Offset cancel 


Rotary table dynamic fixture 
offset 
(G54.2) 





: Workpiece origin offset value 
90: Reference angle 
eference peur ° set value 
@ Machine coordinate Rotation axis ang 
system origin : Roture offeet valle 


ae mode (G64) ; Cutting mode 
Exact stop mode (G61) : ar ; Exact stop mode 
Tapping mode (G63) G63_: ; Tapping mode 





Automatic corner override G62_; Automatic corner override 
(G62) 


Custom macro One-shot call 
(G65, G66, G66.1, G67) G65 P_L_ <Argument assignment> ; 
P : Program number 
L : Number of repetition 
Modal call 
G66 P_L_ <Argument assignment> ; 
Call after the move command 
G66.1 P_L_<Argument assignment> ; 
Each block call 
G67 ; Cancel 
Mirror image for double turret e For lathe only 
(G68, G69) G68 : Mirror image for double turret 


G69 : Mirror image cancel 





Coordinate system rotation, e For machining center 
Three-dimensional coordinate G17 X_Y_ 
conversion Y G68 ~G18Z X_;?Ra; 
(G68, G69) G19Y_Z_ 


(G68.1, G69.1) G69 ; Cancel 
e For lathe 


x G17 X_Y_ 
In case of X-Y plane G68.1 Gi8Z_ X_7 Ra; 
G19 Y_Z_ 


G69.1 ; Cancel 
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(8/10) 
[| Functions | illustration | Program format 
Feature coordinate system G68.2X_Y_Z_| J K_; 
selection Feature coordinate system setting 
(G68.2) G69 ; Feature coordinate system setting cancel 


X, Y, Z : Feature coordinate system origin 
I, J, K : Euler angles for determining the 
orientation of the feature coordinate system 
Rotational copy 





Figure copy 












(G72.1, G72.2) fea (G17) X_Y_ 
i (G18)? G72.1P_L_4Z_X R_; 
(G19) Y_Z_ 
' xX 
. Linear copy 
(G17) IJ 
(G18)? G72.2 P_L_4K_I_ 7; 
Pt (G19) J K_ 
Start point PO x 


Canned cycle for drilling e For machining center 
(G73, G74, G80 to G89) G80 ; Cancel 

G73 

G74 

G76 


G81 X_Y_Z P_Q R_F_K_; 





Canned cycle e For lathe only 

(G71 to G76) N_G70P_Q_; 

(G90, G92, G94) G71U_R_; 
G71P_Q_U_W_F_S_T_; 
G72W_R_; 
G72P_Q_U_W_F_S_T_; 
G73U_W_R_; 
G73P_Q_U_W_F_S_T_; 
G74R_; 
G74X(u)_ Z(w)_ P_Q_R_F_; 
G75R_; 
G75X(u)_ Z(w )_ P_Q_R_F_; 
G76P_Q_R_; 
G76X(u)_ Z(w)_ P_Q_R_F_; 


coed aes 
GON eae 


G94Xx_Z KF; 
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B-63944EN/02 


(9/10) 





| Functions | itustration Program format 


Absolute/incremental 
programming 
(G90/G91) 


e For machining center 
G90_; Absolute programming 
G91_; Incremental programming 


G90_ G91_ ; Programming in both modes 


e For lathe 

X_Z_C_: Absolute programming 

U_W-_ _: Incremental programming 
Distinguished by an address specified in 
combined use with a G function such as GOO 
and G01. 





Maximum incremental command 
value check (G91.1) 


G91.1 IP_; 

IP_ ; Maximum incremental value 

Set 0 to cancel maximum incremental value 
check. 





Change of workpiece 
coordinate system (G92) 
Maximum spindle speed clamp 
(G92) 


Workpiece coordinate system 
preset 

(G92.1) 

Inverse time feed 

(G93) 


Feed per minute, 
Feed per revolution 
(G94, G95) 


inch/min 
inch/rev 


mm/min 


mm/rev 
(G98, G99) 


e For machining center 

G92 IP_ ; Change of workpiece coordinate 
system 

G92 S_; Constant surface speed control : 
Maximum spindle speed clamp 


e For machining center 
G92.1 IPO; 


e For machining center 
G94 F_; Feed per minute 
G95 F_; Feed per revolution 


e For lathe 
G98 F_; Feed per minute 
G99 F_; Feed per revolution 





Surface speed (m/min or feet/min) 


Constant surface speed control 
(G96, G97) 


Initial point return / R point 
return 
(G98, G99) 


Initial level 





R level 


point 
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G96 S_; Constant surface speed control on 
(surface speed specification) 

G97 S_; Constant surface speed control off 
(spindle speed specification) 


e For machining center 
G98_; 
G99_; 





B-63944EN/02 


APPENDIX _C.LIST OF FUNCTIONS AND PROGRAM FORMAT 


Optional chamfering/corner R 


(10/10) 
| ——SsFunctions ~——s| SSCéiilu tration =| ~SSSSCSCéProgramformat i 


e For machining center 
,C_: Chamfering 
,R_: Corner R 
Chamfering/corner R 


e For lathe only 


C+K 
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RANGE OF COMMAND VALUE 





Linear axis 
In case of millimeter input, feed screw is millimeter 


Increment system 
PsA TSB tc SDS ET 
Least input increment (mm) = 001 0.0001 0.00001 0.000001 


Least command increment 
0.001 0.0001 0.00001 0.000001 
(mm) 
Max. programmable 
+999,999.99 +999,999.999 +99,999.9999 +9,999.99999 +999.999999 
dimension (mm) 
Max. rapid traverse 
hee 999,000 999,000 100,000 10,000 1,000 
(mm/min) 


Feedrate range (mm/min)' _|0.01 to 999,000 0.01 to 999,000 0.0001 to 100,000 {0.00001 to 10,000 |0.000001 to 1,000 


Incremental feed (mm/step) 


Tool compen ton amount 
(eamay? 0 to +9,999.99 0 to +9,999.999 0 to +9,999.9999 0 to +9,999.99999 0 to +999.999999 
Backlash compensation 

5 0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 
amount (pulses) 


Dwell (sec) * 0 to 999,999.99 0 to 999,999.999 0 to 99,999.9999 0 to 9,999.99999 0 to 999.999999 


In case of inch input, feed screw is millimeter 


Increment system 
| isa | isB | isc | SD TSE 
Least input increment (inch) {0.001 0.0001 0.00001 0.000001 0.0000001 


Least command increment 
. 0.001 0.0001 0.00001 0.000001 0.0000001 
(inch) 
Max. programmable 
; aah Se +39,370.078 +39,370.0787 +3,937.00787 +393.700787 +39.3700787 
dimension (inch) 
Max. rapid traverse 
aes 999,000 999,000 100,000 10,000 1,000 

(mm/min) 





Feedrate range (inch/min)' _|0.001 to 96,000 0.0001 to 9,600 0.00001 to 4,000 0.000001 to 400 0.0000001 to 40 


0.0000001 
0.000001 


Incremental feed (inch/step) 0.00001 


0.0001 


Tool compen ion amount 
(inch)? 0 to +999.999 0 to +999.9999 0 to +999.99999 0 to +999.999999 0 to +99.9999999 
i 
Backlash ele! 

0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 
amount a 


Dwell IDwell(sec)? 0 to 999,999.99 0 to 999,999.999 0 to 99,999.9999 0 to 9,999.99999 0 to 999.999999 
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In case of inch input, feed screw is inch 


Increment system 
PsA | isB | isc | sD 
Least input increment (inch) |0.001 0.0001 0.00001 0.000001 0.0000001 


Least command increment 

: 0.001 0.0001 0.00001 0.000001 0.0000001 
(inch) 
Max. programmable 

; aes +99,999.999 +99,999.9999 +9,999.99999 +999.999999 +99.9999999 
dimension (inch) 
Max. rapid traverse 

; eer 96,000 9,600 4,000 400 40 
(inch/min) 


Feedrate range (inch/min)' _|0.001 to 96,000 0.0001 to 9,600 0.00001 to 4,000 0.000001 to 400 0.0000001 to 40 


0.0000001 
0.000001 
0.00001 
0.0001 


Tool compe ieaHo? amount 
(inchy"* 0 to 999.999 0 to +999.9999 0 to +999.99999 0 to +999.999999 0 to +99.9999999 
i 
Backlash compen ese 

0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 
amount ee 


Dwell Dwell(sec)*? 0 to 999,999.99 0 to 999,999.999 0 to 99,999.9999 0 to 9,999.99999 0 to 999.999999 


In case of millimeter input, feed screw is inch 


_- me =a 


Incremental feed (inch/step) 





| isa | CCSBCOT SCT ST SEC 
Least input increment (mm) 0.001 0.0001 0.00001 0.000001 


Least command increment 





0.001 0.0001 0.00001 0.000001 


(mm) 
Max. programmable 
+999,999.99 +999,999.999 +99,999.9999 +9,999.99999 +999.999999 
dimension (mm) 
Max. rapid traverse 
; ae 96,000 9,600 4,000 400 40 
(inch/min) 


Feedrate range (mm/min) ' _|0.01 to 999,000 0.001 to 999,000 0.0001 to 100,000 {0.00001 to 10,000 {0.000001 to 1,000 





Incremental feed (mm/step) 


Tool Conon amount 
cain? 0 to +9,999.99 0 to +9,999.999 0 to +9,999.9999 0 to +9,999.99999 0 to +999.999999 
Backlash compensation 

as 0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 
amount (pulses) 


Dwell (sec) * 0 to 999,999.99 0 to 999,999.999 0 to 99,999.9999 0 to 9,999.99999 0 to 999.999999 
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- Rotary axis 


Increment system 
PsA Tse iscc tT 
Least input increment (deg) eg.__ppt__ 001 gaat __ 0001 0.00001 0.000001 


Least command increment (deg) |0.01 ~—~—~—*‘fo.o01 ~Ss—~=é«*d.001 ~——_=[0.00001 0.000001 


Max. programmable dimension 
iden) +999,999.99 +999,999.999 +99,999.9999 +9,999.99999 +999.999999 
Max. rapid traverse (deg/min) ' 999,000 999,000 100,000 10,000 1,000 


Feedrate range (deg/min)' 0.01 to 999,000 0.001 to 999,000 {0.0001 to 100,000 |0.00001 to 10,000 |0.000001 to 1,000 





Incremental feed (deg/step) 


10.0 
Tool compensation amount 
(deg)? 0 to +9,999.99 0 to +9,999.999 0 to +9,999.9999 |0 to +9,999.99999 |0 to +999.999999 
Backlash compensation amount 
less) —____ tage)” 0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 0 to +9,999 
u 


Dwell Dwell(sec)? 0 to 999,999.99 0 to 999,999.999 |0to99,999.9999 |0 to 9,999.99999 {0 to 999.999999 


NOTE 

“1 The feedrate range shown above are limitations 
depending on CNC interpolation capacity. As a 
whole system, limitations depending on servo 
system must also be considered. 
Value applied when the offset extension function is 
used. 
If the mode of input is switched between inch input 
and metric input, the maximum compensation value 
that can be set at inch input time is (maximum 
compensation value) x 1/25.4. If a value exceeding 
this value is specified at inch input time, the 
compensation value is not converted to a metric 
value correctly when the mode of input is switched 
to metric input. 
The unit is the detection unit. 
Depends on the increment system of the axis at in 
address X. 
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E.1 INCORRECT THREADED LENGTH 





The leads of a thread are generally incorrect in 6, and 5,, as shown in 
Fig. E.1 (a), due to automatic acceleration and deceleration. 

Thus distance allowances must be made to the extent of 5, and 6, in 
the program. 





Fig. E.1 (a) Incorrect thread position 


Explanation 
- How to determine 562 





6,=T,V (mm )... . (1) 
1 

= 6oRtL 
Ti : Time constant of servo system (sec) 
V__: Threading speed (mm/sec) 
R_: Spindle speed (min’') 
L : Thread feed (mm) 
Time constant T; (sec) of the servo system: Usually 0.033 s. 











- How to determine 6, 





T1 : Time constant of servo system (sec) 
V__: Threading speed (mm/sec) 
Time constant T; (sec) of the servo system: Usually 0.033 s. 











The lead at the beginning of thread cutting is shorter than the 
specified lead L, and the allowable lead error is AL. Then as follows. 











or 





When the value of “a” is determined, the time lapse until the thread 
accuracy is attained. The time “t” is substituted in (2) to determine 6,: 
Constants V and T, are determined in the same way as for 6). Since 
the calculation of 5; is rather complex, a nomography is provided on 
the following pages. 
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- How to use nomograph 





First specify the class and the lead of a thread. The thread accuracy, a, 
will be obtained at (1), and depending on the time constant of cutting 
feed acceleration/ deceleration, the 6; value when V = 10mm/s will be 
obtained at (2). Then, depending on the speed of thread cutting, 5, for 
speed other than 10mm/s can be obtained at (3). 


8,(V=10mm/sec) 


V=20mm/sec 
V=40mm/sec 


Time constant of servo system 


(Note) See the graph in reference later in the manual for an actual example. 


Fig. E.1 (b) Nomograph 


NOTE 
The equations for 61, and 52 are for when the 


acceleration/ deceleration time constant for cutting 
feed is 0. 
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E.2 SIMPLE CALCULATION OF INCORRECT THREAD 
LENGTH 





Fig. E.2 (a) Incorrect threaded portion 


Explanation 
- How to determine 562 





LR 
5.= Fg00"™™) 
R: Spindle speed (min’') 
L : Thread lead (mm) 
* When time constant T, of the servo system is 0.033 s. 











- How to determine 6, 





LR 
5,= 7800*« - 1 - Ina)(mm) 
=6,(- 1 - Ina)(mm) 
R: Spindle speed (min’') 
L : Thread lead (mm) 


* When time constant T, of the servo system is 0.033 s. 
Following a is a permited value of thread. 






































a -1-Ina 
0.005 4.298 
0.01 3.605 
0.015 3.200 
0.02 2.912 
Example 

R=350rpm 

L=1mm 

a=0.01 

then 

350x1 
0. 1800 > 0.194(mm) 
oF = 3,x3.605 = 0.701(mm) 
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Reference 


V : Speed in threading 


V=40mm/sec 
(&1.57in/sec) 


V=10mm/sec 
&-; 0.39in/sec) 


V=30mm/sec 


V=20mm/sec 
(&1.18in/sec) 


(—&0.79in/sec) 


V=2in/sec 


E.NOMOGRAPHS 


5, (V=10mm/sec) 


Servo time constant 


50msec 


33msec 


_—_—___1—. 





0 

Metric thread 

JIS class 1 

——S class 2 
Unified thread 


JIS 2A 
JIS 3A 
(Theoretical accuracy) 


0.1 








1. i 
0.007 0.010 
33 5.0 252015 


a oe! 
5.0 4.0 3.53.0 
45 


1 
0.015 


1 


0.7 0. 


+ 


1.25 


0.020 


—— 


0.4 


—* AL 
0.025 a=("—) 





1 
12a, 


2.5 


51.5 


n 

0.9 
4 
1.7; 

161820 


1 ——» 
0.3(mm)P Lead 
1 Lb ——_p. 

0.9 0.8 0.75(mm) P Lead 
* Ridge/inch 


“——_ Ridge/inch 





0 
1 
2.0 
6 7 8 910 121314 
Pi Tee 








67891012 14161820 
Le a a 





Fig. E.2 (b) Nomograph for obtaining approach distance 8, 
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E.3 TOOL PATH AT CORNER 


When servo system delay (by exponential acceleration/deceleration at 
cutting or caused by the positioning system when a servo motor is 
used) is accompanied by cornering, a slight deviation is produced 
between the tool path (tool center path) and the programmed path as 
shown in Fig. E.3 (a). 

Time constant T, of the exponential acceleration/deceleration is fixed 
to 0. 


————> Programmed path 


™ Tool path 





Fig. E.3 (a) Slight deviation between the tool path and the programmed 
path 


This tool path is determined by the following parameters: 

- Feedrate (V;, V2) 

- Corner angle (8) 

- Exponential acceleration / deceleration time constant (T;) at cutting 
(T, = 0) 

- Presence or absence of buffer register. 

The above parameters are used to theoretically analyze the tool path 

and above tool path is drawn with the parameter which is set as an 

example. 

When actually programming, the above items must be considered and 

programming must be performed carefully so that the shape of the 

workpiece is within the desired precision. 

In other words, when the shape of the workpiece is not within the 

theoretical precision, the commands of the next block must not be 

read until the specified feedrate becomes zero. The dwell function is 

then used to stop the machine for the appropriate period. 
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Explanation 
- Analysis 


The tool path shown in Fig. E.3 (b) is analyzed based on the following 

conditions: 

- Feedrate is constant at both blocks before and after cornering. 

- The controller has a buffer register. (The error differs with the 
reading speed of the tape reader, number of characters of the next 
block, etc.) 





Fig. E.3 (b) Example of tool path 


- Description of conditions and symbols 
V,,=Vcosd, 
VV=AVsing, 
V o=VCOSo, 
VVo=Vsing, 


V__: Feedrate at both blocks before and after cornering 
Vx1 : X-axis component of feedrate of preceding block 


Vy1 : Y-axis component of feedrate of preceding block 

Vx2 : X-axis component of feedrate of following block 

Vy2: Y-axis component of feedrate of following block 

6  : Corner angle 

o1 : Angle formed by specified path direction of preceding block and X- 
axis 

$2 : Angle formed by specified path direction of following block and X-axis 
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- Initial value calculation 








Fig. E.3(c) Initial value 


The initial value when cornering begins, that is, the X and Y 
coordinates at the end of command distribution by the controller, is 
determined by the feedrate and the positioning system time constant 
of the servo motor. 
XV (TFT) 
YorVys (7, #1) 





T1: Exponential acceleration/deceleration time constant. (T=0) 
Tz: Time constant of positioning system (Inverse of position loop gain) 











- Analysis of corner tool path 
The equations below represent the feedrate for the corner section in 
X-axis direction and Y-axis direction. 





V. t t 
VC = (Vga Vag IU TAT ex 7)- T,exP(- TV 


Vv. t t 
=V_ [1 - T= TAT oP 7) Texp(- 7H] 


vi z 


Wo t t 
= VOT PAT exP( -7-)- T,e%0(- TV, 











Therefore, the coordinates of the tool path at time t are calculated 
from the following equations: 


X(t)= f Vxibat -X, 
0 





V- Vv. 2 t 2 t 
= To, exp( - T) - T, exp( - T,) ~Vyo(T, +7, - 


Y(t) = f 'Vi(t)dt - Y, 
0 


V-V 2 
7 2 Y4 t ; ale 
5 {T, exp( - T) - T, exp( - T -V\(T,+T, - t) 
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E.4 RADIUS DIRECTION ERROR AT CIRCLE CUTTING 





When a servo motor is used, the positioning system causes an error 
between input commands and output results. Since the tool advances 
along the specified segment, an error is not produced in linear 
interpolation. In circular interpolation, however, radial errors may be 
produced, sepecially for circular cutting at high speeds. 

This error can be obtained as follows: 








Command path 


Actual path 








Ar: Maximum radius error (mm) 

v : Feedrate (mm/sec) 

r_ : Circle radius (mm) 

T1: Exponential acceleration/deceleration time constantat cutting (sec) 
(T=0) 

Tz: Time constant of positoning system (sec) 
(Inverse of positon loop gain) 

a : Feed forward coefficient (%) 


In the case of bell-shaped acceleration/deceleration and linear 
acceleration/deceleration after cutting feed interpolation, an approximation 
of this radius error can be obtained with the following expression: 


Linear acceleration/deceleration after cutting feed interpolation 
1_2 1.2 2 Vv 
Ar = (5qT, +57, (1-a ars 
Bell-shaped acceleration/deceleration after cutting feed interpolation 
Ans Dein 2 2 V 
Ar = (Gel, #51; (1-a are 
Thus, the radius error in the case of bell-shaped acceleration/deceleration 
and linear acceleration/deceleration after interpolation is smaller than in 
case of exponential acceleration/deceleration by a factor of 12, excluding 
any error caused by a servo loop time constant. 











Since the machining radius r (mm) and allowable error Ar (mm) of 
the workpiece is given in actual machining, the allowable limit 
feedrate v (mm /sec) is determined by equation (1). 

Since the acceleration/deceleration time constant at cutting which is 
set by this equipment varies with the machine tool, refer to the manual 
issued by the machine tool builder. 
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CHARACTER-TO-CODES 
CORRESPONDENCE TABLE 


pF foo ft 083 | xclamation mark 
| Gc jon | 034 Quotation mark | 
pK | ova | 085 Shar 
| tf os | 036 [Dotter sign 
pos fore | | 087 _ Percent 

| kK | os | CCT 088 Ampersand 
pot foe | 039 faApostrophe 
| mM | ov | CCidLC (040 Left parenthesis | 
PN fos [| 04t [Right parenthesis 
| oO | om | CT * 042 | Asterisk 


| Pf oso | + 043 tussign 
| a fon | 04 | Comma 
PR | ose | 05 Minus sign 
ee ee Period 


084 047 | Slash 


a 
poss | Ts 059 [Semicoton 
| ow | opr | OT | 060 et angio bracket | 
poss | oT = 6 equation 
[369 [rg I 
| Zz jos fC? 063 Question mark 
| of oe || @ (064 | At mark 
poo fot 9t [Left square bracket | 
ie i ie ee ee 
Pee 


oe Underscore 


= 


LECEE 


N 
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ALARM LIST 





(1) Alarms on program and operation (PS alarm) 
(2) Background edit alarms (BG alarm) 
(3) Communication alarms (SR alarm) 


Alarm numbers are common to all these alarm types. 

Depending on the state, an alarm is displayed as in the following 
examples: 

PS"alarm number" Example: PS0003 

BG"alarm number" Example: BG0085 

SR"alarm number" Example: SRO0001 


| Number _| 

0001 TH ERROR A TH error was detected during reading from an input device. 
The read code that caused the TH error and how many 
statements it is from the block can be verified in the diagnostics 
screen. 

0002 TV ERROR An error was detected during the single—block TV error. 
The TV check can be suppressed by setting TVC parameter No. 
0000#0 to “O”. 

0003 TOO MANY DIGIT Data entered with more digits than permitted in the NC 
instruction word. 
The number of permissible digits varies according to the 
function and the word. 


0004 INVALID BREAK POINT OF WORDS NC word(s) address + numerical value not in word format. This 
alarm is also generated when a custom macro does not contain 
a reserved word, or does not conform to the syntax. 

0005 NO DATA AFTER ADDRESS NC word(s) address + numerical value not in word format. This 
alarm is also generated when a custom macro does not contain 
a reserved word, or does not conform to the syntax. 

A minus sign (—) was specified at an NC instruction word or 

system variable where no minus signal may be specified. 

0007 ILLEGAL USE OF DECIMAL POINT A decimal point (.) was specified at an address where no 
decimal point may be specified, or two decimal points were 
specified. 


0009 IMPROPER NC-ADDRESS An illegal address was specified, or parameter 1020 is not set. 
0010 IMPROPER G-CODE An unusable G code is specified. 


0011 FEED ZERO ( COMMAND ) The cutting feedrate instructed by an F code has been set to 0. 
This alarm is also generated if the F code instructed for the S 
code is set extremely small in a rigid tapping instruction as the 
tool cannot cut at the programmed lead. 


/ synchronous feed. Modify the program. 

0015 TOO MANY SIMULTANEOUS AXES A move command was specified for more axes than can be 
controlled by simultaneous axis control. 
Either add on the simultaneous axis control extension option, or 
divide the number of programmed move axes into two blocks. 





- 1589 - 


G.ALARM LIST APPENDIX B-63944EN/02 


[| Number | Message | iescription = 
0020 OVER TOLERANCE OF RADIUS An arc was specified for which the difference in the radius at the 

start and end points exceeds the value set in parameter No. 
2410. Check arc center codes I, J and K in the program. 
The tool path when parameter No. 2410 is set to a large value is 
spiral. 

ILLEGAL PLANE SELECT The plane selection instructions G17 to G19 are in error. 
Reprogram so that same 3 basic parallel axes are not specified 
simultaneously. 
This alarm is also generated when an axis that should not be 
specified for plane machining is specified, for example, for 
circular interpolation or involute interpolation. 
To enable programming of 3 or more axes, the helical 
interpolation option must be added to each of the relevant axes. 

R OR I,J,;K COMMAND NOT FOUND The command for circular interpolation lacks arc radius R or 
coordinate I, J, or K of the distance between the start point to 
the center of the arc. 

CIRCLE CUT IN RAPID (FO) FO (rapid traverse in inverse feed or feed specified by an F code 
with 1—digit number) was specified during circular interpolation 
(G02, G03) or involute interpolation (GO2.2, G03.2). 

0027 NO AXES COMMANDED IN G43/G44_ | No axis is specified in G43 and G44 blocks for the tool length 

offset type C. 
Offset is not canceled but another axis is offset for the tool 
length offset type C. 
Multiple axes were specified for the same block when the tool 
length compensation type is C. 


0028 ILLEGAL PLANE SELECT The plane selection instructions G17 to G19 are in error. 
Reprogram so that same 3 basic parallel axes are not specified 
simultaneously. 

This alarm is also generated when an axis that should not be 
specified for plane machining is specified, for example, for 
circular interpolation or involute interpolation. 





To enable programming of 3 or more axes, the helical 
interpolation option must be added to each of the relevant axes. 


0029 ILLEGAL OFFSET VALUE Illegal offset No. 


0030 ILLEGAL OFFSET NUMBER An illegal offset No. was specified. 
This alarm is also generated when the tool shape offset No. 
exceeds the maximum number of tool offset sets in the case of 


tool offset memory B. 


0031 ILLEGAL P COMMAND IN G10 The relevant data input or option could not be found for the L 
No. of G10. 
No data setting address such as P or R was specified. 
An address command not concerned with data setting was 
specified. An address varies with the L No. 


The sign or decimal point of the specified address is in error, or 
the specified address is out of range. 


by system variables, the offset amount was excessive. 
0033 NO INTERSECTION AT CUTTER The intersection cannot be obtained by the intersection 
COMPENSATION calculation in cutter or tool-nose radius compensation. Modify 
the program. 
0034 NO CIRC ALLOWED IN STUP/EXT In cutter or tool-nose radius compensation, a startup or 
BLK cancellation is performed in the G02 or G03 mode. Modify the 


program. 





- 1590 - 


B-63944EN/02 APPENDIX G.ALARM LIST 


[| Number | Message | Ci esecription 
0035 CAN NOT COMMANDED G31 - G31 cannot be specified. This alarm is generated when a G 
code (such as for cutter or tool-nose radius compensation) of 
group 07 is not canceled. 
- A torque limit skip was not specified in a torque limit skip 
command (G31P98 or P99). Specify the torque limit skip in the 
PMC window or the like. Or, specify the torque limit override 
by address Q. 
G41/G42 cutter or tool-nose radius compensation. Modify the program. 
INTERFERENCE IN CIRCULAR Overcutting will occur in cutter compensation C because the arc 
BLOCK start point or end point coincides with the arc center. Modify the 
program. 
CHF/CNR NOT ALLOWED IN Chamfering or corner R was specified with a start-up, a cancel, 
G41,G42 or switching between G41 and G42 in G41 and G42 commands 
(cutter compensation or tool nose radius compensation). The 
program may cause overcutting to occur in chamfering or corner 
R. Modify the program. 
COMPENSATION may occur. Modify the program. 
ee G45/G48 NOT ALLOWED IN CRC Tool offset (G45 to G48) is commanded in tool compensation or 
three-dimensional cutter compensation. Modify the program. 


On a system with a DRILL-MATE ATC installed, M06 is not 
specified in a block that specifies a T code. Alternatively, a T 
code beyond the allowakte range ie specified. 

Modify the program. 


0045 ree Q NOT FOUND (G73/G83) | In a high-speed peck drilling cycle (G73) or peck drilling cycle 
(G83), the amount of each-time cutting is not specified by 


address Q, or Q0 is specified. Modify the program. 
0046 ILLEGAL REFERENCE RETURN A command for a return to the second, third or fourth reference 
COMMAND position is error. (The address P command is in error.) 
Although an option for a return to the third or fourth reference 
position was not set, 3 or 4 was specified in address P. 

0047 ILLEGAL AXIS SELECT Two or more parallel axes (in parallel with a basic axis) have 
been specified upon start-up of three-dimensional tool 
compensation or three-dimensional coordinate conversion. 

0048 BASIC 3 AXIS NOT FOUND Start-up of three-dimensional tool compensation or 
three-dimensional coordinate conversion has been attempted, 
but the three basic axes used when Xp, Yp, or Zp is omitted are 
not set in parameter No. 1022. 


0049 ILLEGAL COMMAND(G68,G69) When three-dimensional coordinate conversion (G68 or G69) 
was specified, the tool compensation was not canceled. Or, 
programs of three-dimensional coordinate conversion (G68, 
G69) and tool compensation (G43, G44 or G49) were not 


nested. Or, the three-dimensional coordinate conversion was 
specified during the tool length compensation and another tool 
length compensation was specified. 


0050 CHF/CNR NOT ALLOWED IN THRD Chamfering or corner R is commanded in the thread cutting 
BLK block. Modify the program. 


0051 MISSING MOVE AFTER CNR/CHF Improper movement or the move distance was specified in the 
block next to the chamfering or corner R block. Modify the 


program. 


0052 CODE IS NOT G01 AFTER CHF/CNR | The block next to the chamfering or corner R block is not G01 
(or vertical line). Modify the program. 
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| Number | _———s Message ———“‘i|]SSUUUU CD eescription =—— (Cd 
0053 TOO MANY ADDRESS COMMANDS In the chamfering and corner R commands, two or more of I, J, 


K and R are specified. 
CHF/CNR R was specified includes a taper command. Modify the program. 
chamfer or corner R amount. Modify the program. 


NO END POINT & ANGLE IN In direct dimension drawing programming, both an end point 
CHF/CNR and an angle were specified in the block next to the block in 
which only an angle was specified (Aa). Modify the program. 
0057 NO SOLUTION OF BLOCK END Block end point is not calculated correctly in direct dimension 
drawing programming. Modify the program. 


programming. Modify the program. 
SEQUENCE NUMBER NOT FOUND [External data input/output] 

The specified number could not be found for program number 
and sequence number searches. 
Although input/output of a pot number of tool data or offset 
input was requested, no tool number was input after power on. 
The tool data corresponding to the entered tool number could 
not be found. 

[External workpiece number search] 
The program corresponding to the specified workpiece 


number could not be found. 
[Program restart] 


In the program restart sequence number specification, the 
specified sequence number could not be found. 


0061 P OR Q COMMAND IS NOT IN THE Address P or Q is not specified in multiple repetitive cycle (G70, 





MULTIPLE REPETIVE CYCLES G71, G72, or G73) command. 
BLOCK 


A zero or a negative value was specified in a multiple repetitive 
IN THE ROUGH CUTTING CYCLE canned rough-cutting cycle (G71 or G72) as the depth of cut. 
0063 THE BLOCK OF A SPECIFIED The sequence number specified by addresses P and Q in 
SEQUENCE NUMBER IS NOT multiple repetitive cycle (G70, G71, G72, or G73) command 
FOUND cannot be searched. 
0064 THE FINISHING SHAPE IS NOT A In a shape program for the multiple repetitive canned 
MONOTONOUS CHANGE(FIRST rough-cutting cycle (G71 or G72), the command for the first 
AXES) plane axis was not a monotonous increase or decrease. 
0065 G00/G01 IS NOT IN THE FIRST In the first block of the shape program specified by P of the 
BLOCK OF SHAPE PROGRAM multiple repetitive canned cycle (G70, G71, G72, or G73), GOO 
or GO1 was not specified. 
0066 UNAVAILABLE COMMAND IS IN THE | An unavailable command was found in a multiple repetitive 
MULTIPLE REPETIVE CYCLES canned cycle (G70, G71, G72, or G73) command block. 
BLOCK 
0067 THE MULTIPLE REPETIVE CYCLES | A multiple repetitive canned cycle (G70, G71, G72, or G73) 
IS NOT IN THE PART PROGRAM command is not registered in a tape memory area. 
STORAGE 
LAST BLOCK OF SHAPE PROGRAM | Ina shape program in the multiple repetitive canned cycle (G70, 


IS AN ILLEGAL COMMAND G71, G72, or G73), a command for the chamfering or corner R 
in the last block is terminated in the middle. 


0070 NO PROGRAM SPACE IN MEMORY | The memory area is insufficient. 
Delete any unnecessary programs, then retry. 
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0071 DATA NOT FOUND - The address to be searched was not found. 
- The program with specified program number was not found 
in program number search. 
- Inthe program restart block number specification, the 
specified block number could not be found. 
Check the data. 


0072 DATA NOT FOUND The number of programs to be stored exceeded 63 (basic), 125 
(option), 200 (option), 400 (option) or 1000 (option). Delete 
unnecessary programs and execute program registration again. 


PROGRAM NUMBER ALREADY IN The commanded program number has already been used. 
USE Change the program number or delete unnecessary programs 
and execute program registration again. 


USE program number. 
0075 PROTECT An attempt was made to register a program whose number was 
protected. 
In program matching, the password for the encoded program 
was not correct. 


0076 PROGRAM NOT FOUND The specified program is not found in the subprogram call, 
macro call or graphic copy. 
The M, G, T or S codes are called by a P instruction other than 
that in an M98, G65, G66, G66.1 or interrupt type custom 
macro, and a program is called by a No. 2 auxiliary function 


code. 
This alarm is also generated when a program is not found by 
these calls. 


0077 TOO MANY SUB,MACRO NESTING The total number of subprogram and macro calls exceeds the 
permissible range. 
Another subprogram call was executed during an external 


memory subprogram call. 


0078 SEQUENCE NUMBER NOT FOUND The specified sequence No. was not found during sequence 
number search. 
The sequence No. specified as the jump destination in GOTO— 


and M99P— was not found. 


0079 PROGRAM NOT MATCH The program in memory does not match the program stored on 
tape. 
Multiple programs cannot be matched continuously when 
parameter No. 2200#83 is set to “1”. 


Set parameter No. 2200#3 to “0” before executing a match. 


0080 G37 MEASURING POSITION - For machining center series 
REACHED SIGNAL IS NOT When the tool length measurement function (G37) is 
PROPERLY INPUT performed, a measuring position reached signal goes 1 in front 
of the area determined by the € value specified in parameter 
No.6254. Alternatively, the signal does not go 1. 
- For lathe 
When the automatic tool compensation function (G36, G37) is 


used, a measuring position reached signals (XAE1, XAE2) 
does not go 1 within the range determined by the € value 
specified in parameters No.6254 and No.6255. 
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0081 G37 OFFSET NO. UNASSIGNED - For machining center series 
The tool length measurement function (G37) is specified 
without specifying an H code. 
Correct the program. 
For lathe 
The automatic tool compensation function (G36, G37) is 
specified without specifying an T code. 
Correct the program. 
G37 SPECIFIED WITH H CODE For machining center series 
The tool length measurement function (G37) is specified 
together with an H code in the same block. 
Correct the program. 
For lathe 
The automatic tool compensation function (G36, G37) is 
specified together with an T code in the same block. 
Correct the program. 
G37 IMPROPER AXIS COMMAND For machining center series 
An error has been found in axis specification of the tool length 
measurement function (G37). Alternatively, a move command 
is specified as an incremental command. 
Correct the program. 
For lathe 
An error has been found in axis specification of the automatic 
tool compensation function (G36, G37). 
Alternatively, a command is specified as an incremental 
command. 
Correct the program. 


0085 OVERRUN ERROR The next character was received from the I/O device connected 
to reader/punch interface 1 before it could read a previously 
received character. 


0086 DR OFF During I/O process by reader/punch interface 1, the data set 
ready input signal of the I/O device (DR) was OFF. Possible 
causes are an I/O device not turn on, a broken cable, and a 
defective printed circuit board. 


0087 BUFFER OVERFLOW During a read by reader/punch interface 1, although a read stop 
command was issued, more than 10 characters were input. The 
I/O device or printed circuit board was defective. 


REFERENCE RETURN . The reference position return cannot be performed normally 
INCOMPLETE because the reference position return start point is too close 
to the reference position or the speed is too slow. Separate 
the start point far enough from the reference position, or 
specify a sufficiently fast speed for reference position return. 
An attempt was made to set the zero position for the 
absolute position detector by return to the reference position 
when it was impossible to set the zero point. 
Rotate the motor manually at least one turn, and set the 
zero position of the absolute position detector after turning 
the CNC and servo amplifier off and then on again. 
MANUAL REFERENCE POSITION Manual return to the reference position cannot be performed 
RETURN IS NOT PERFORMED IN when automatic operation is halted. Perform the manual return 
FEED HOLD to the reference position when automatic operation is stopped or 
reset. 


0092 ZERO RETURN CHECK (G27) The axis specified in G27 has not returned to zero. 
ERROR Reprogram so that the axis returns to zero. 
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0094 P TYPE NOT ALLOWED (COORD P type cannot be specified when the program is restarted. (After 
CHG) the automatic operation was interrupted, the coordinate system 
setting operation was performed.) Perform the correct operation 
according to the User's manual. 
0095 P TYPE NOT ALLOWED (EXT OFS P type cannot be specified when the program is restarted. (After 
CHG) the automatic operation was interrupted, the external workpiece 
offset amount changed.) Perform the correct operation 
according to the User's manual. 
0096 P TYPE NOT ALLOWED (WRK OFS P type cannot be specified when the program is restarted. (After 
CHG) the automatic operation was interrupted, the workpiece offset 
amount changed.) Perform the correct operation according to 
the User's manual. 
0097 P TYPE NOT ALLOWED (AUTO P type cannot be directed when the program is restarted. (After 
EXEC) power ON, after emergency stop or alarms 0094 to 0097 reset, 
no automatic operation is performed.) Perform automatic 
operation. 


0098 G28 FOUND IN SEQUENCE RETURN | A command of the program restart was specified without the 
reference position return operation after power ON or 


emergency stop, and G28 was found during search. Perform the 
reference position return. 


SEARCH is given with MDI. 

0101 PLEASE CLEAR MEMORY The power turned off while rewriting the memory by program 
edit operation. If this alarm has occurred, press <RESET> while 
pressing <PROG>, and only the program being edited will be 
deleted. Register the deleted program. 


0109 FORMAT ERROR IN G08 A value other than 0 or 1 was specified after P in the G08 code, 
or no value was specified. 


0110 OVERFLOW :INTEGER An integer went out of range during arithmetic calculations. 


0111 OVERFLOW :FLOATING A decimal point (floating point number format data) went out of 
range during arithmetic calculations. 


commanded. Modify the program. 
is in error. The parameter tape format is in error. 


0115 VARIABLE NO. OUT OF RANGE A number that cannot be used for a local variable, common 
variable, or system variable in a custom macro is specified. 
In the EGB axis skip function (G31.8), a non-existent custom 


macro variable number is specified. Or, the number of custom 
macro variables used to store skip positions is not sufficient. 


0116 WRITE PROTECTED VARIABLE An attempt was made in a custom macro to use on the left side 
of an expression a variable that can only be used on the right 


side of an expression. 


0118 TOO MANY BRACKET NESTING Too many brackets “[ ]” were nested in a custom macro. 
The nesting level including function brackets is 5. 


0119 ARGUMENT VALUE OUT OF RANGE | The value of an argument in a custom macro function is out of 
range. 


GOTO/WHILE/DO main program in the MDI or DNC mode. 
missing in a custom macro. 
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0125 MACRO STATEMENT FORMAT The format used in a macro statement in a custom macro is in 
ERROR error. 


0126 ILLEGAL LOOP NUMBER DO and END Nos. in a custom macro are in error, or exceed the 
permissible range (valid range: 1 to 3). 


0127 DUPLICATE NC,MACRO An NC statement and macro statement were specified in the 
STATEMENT same block. 


0128 ILLEGAL MACRO SEQUENCE The specified sequence No. could not be found for sequence 
NUMBER number search. 
The sequence No. specified as the jump destination in GOTO-- 


and M99P-- could not be found. 
USE 'G' AS ARGUMENT G is used as an argument in a custom macro call. G can be 
specified as an argument only in an every-block call (G66.1). 


CONFLICTED conflicted. Modify the program or ladder. 
TIME the same block. 
BLK. the same block. 
during superimposed control for PMC axis control. 
AXIS is being controlled. 


PROGRAM NUMBER ALREADY IN In the background, an attempt was made to select or delete the 
USE program being selected in the foreground. Perform the correct 
operation for the background edition. 


G51 (Scaling ON) is commanded in the three-dimensional tool 

OFFSET offset mode. Modify the program. 

0142 ILLEGAL SCALE RATE The scaling rate is 0 times or 10000 times or more. 
Modify the setting of the scaling rate. (G51P_... or G51I_J _K_ 
... or parameter (No. 5411 or 5421)) 

COMMAND DATA OVERFLOW An overflow occurred in the storage length of the CNC internal 
data. This alarm is also generated when the result of internal 
calculation of scaling, coordinate rotation and cylindrical 
interpolation overflows the data storage. It also is generated 
during input of the manual intervention amount. 


plane must be the same. Modify the program. 

ILLEGAL USE OF G12.1/G13.1 The axis No. of plane selection parameter No. 5460 (linear axis) 
and No. 5461(axis of rotation) in the polar coordinate 
interpolation mode is out of range (1 to number of controlled 
axes). 

ILLEGAL USE OF G-CODE The modal G code group contains an illegal G code in the polar 
coordinate interpolation mode or when a mode was canceled. 
Only the following G codes are allowed: G40, G50, G69.1 
An illegal G code was specified while in the polar coordinate 
interpolation mode. 

The following C codes are not allowed: G27, G28, G30, G30.1, 
G31 to G31.4, G37 to G387.3, G52, G92, G53, G17 to G19, 
G81 to G89, G68 

In the 01 group, G codes other than G01, G02, G03, G02.2 and 
G03.2 cannot be specified. 
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0148 SETTING ERROR Automatic corner override deceleration rate is out of the settable 

range of judgement angle. Modify the parameters (No.1710 to 

No.1714). 

is assigned to the spindle position. Correct the program. 

MISMATCH WAITING M-CODE A waiting M-code is in error. 

<1> When different M codes are specified for path 1 and path 2 
as waiting M codes without a P command. 

<2> When the waiting M codes are not identical even though 
the P commands are identical 

<3> When the waiting M codes are identical and the P 
commands are not identical (This occurs when a P 
command is specified with binary value.) 
When the number lists in the P commands contain a 
different number even though the waiting M codes are 
identical (This occurs when a P command is specified by 
combining path numbers.) 
When a waiting M code without a P command (2-path 
waiting) and a waiting M code with a P command 
(3-or-more-path waiting) were specified at the same time 
When a waiting M code without a P command was 
specified for 3 or more paths. 

ILLEGAL P OF WAITING M-CODE P in a waiting M-code is incorrect. 

<1> When address P is negative 

<2> When a P value inappropriate for the system configuration 
was specified 

<3> When a waiting M code without a P command (2-path 
waiting) was specified in the system having 3 or more 
paths. 

0163 ILLEGAL COMMAND IN G68/G69 G68 and G69 are not independently commanded in balance cut. 
An illegal value is commanded in a balance cut combination 
(address P). 


0169 ILLEGAL TOOL GEOMETRY DATA Incorrect tool figure data in interference check. Set correct data, 
or select correct tool figure data. 


0175 ILLEGAL G07.1 AXIS An axis which cannot perform cylindrical interpolation was 
specified. More than one axis was specified in a GO7.1 block. 
An attempt was made to cancel cylindrical interpolation for an 
axis that was not in the cylindrical interpolation mode. 
For the cylindrical interpolation axis, set not “O” but one of 5, 6 or 





7 (parallel axis specification) to parameter No. 1022 to instruct 
the arc with axis of rotation (ROT parameter No. 1006#1 is set 
to “1” and parameter No. 1260 is set) ON. 


0176 ILLEGAL G-CODE USE(G07.1 MODE) | A G code was specified that cannot be specified in the 
cylindrical interpolation mode. This alarm also is generated 
when an 01 group G code was in the GOO mode or code G00 


was instructed. 
Cancel the cylindrical interpolation mode before instructing code 
G00. 

0179 PARAM. (NO.7510) SETTING ERROR | The number of controlled axes set by the parameter No. 7510 
exceeds the maximum number. Modify the parameter setting 
value. 


0190 ILLEGAL AXIS SELECTED (G96) An illegal value was specified in P in a G96 block or parameter 
No. 5844. 
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0194 SPINDLE COMMAND IN A Cs contour control mode, spindle positioning command, or 
SYNCHRO-MODE rigid tapping mode was specified during the spindle 
synchronous control mode or simple spindle synchronous 
control mode. 


MODE Cs contour control switching signal was off. 

0200 ILLEGAL S CODE COMMAND In the rigid tap, an S value was out of range or was not 
specified. The parameter (Nos. 5241 to 5243) setting is an S 
value which can be specified for the rigid tap. 

Correct the parameters or modify the program. 

FEEDRATE NOT FOUND IN RIGID The command F code for a cutting feedrate is a zero. 

TAP If the value of F command is much smaller than that of the S 
command, when a rigid tap command is specified, this alarm is 
generated. This is because cutting is not possible by the lead 
specified by the program. 


0202 POSITION LSI OVERFLOW In the rigid tap, spindle distribution value is too large. (System 
error) 


In the rigid tap, position for a rigid M code (M29) or an S 
command is incorrect. Modify the program. 

0204 ILLEGAL AXIS OPERATION In the rigid tap, an axis movement is specified between the rigid 
M code (M29) block and G84 (or G74) block. Modify the 
program. 

0205 RIGID MODE DI SIGNAL OFF Although a rigid M code (M29) is specified in rigid tapping, the 
rigid mode DI signal (DGN G061.0) is not ON during execution 
of the G84 (or G74) block. Check the PMC ladder diagram to 
find the reason why the DI signal is not turned on. 


0206 CAN NOT CHANGE PLANE (RIGID Plane changeover was instructed in the rigid mode. Modify the 
TAP) program. 


0207 RIGID DATA MISMATCH The specified distance was too short or too long in rigid tapping. 


0210 CAN NOT COMMAND M198/M99 1 The execution of an M198 or M99 command was attempted 
during scheduled operation. Alternatively, the execution of an 
M198 command was attempted during DNC operation. Modify 
the program. 
2 The execution of an M99 command was attempted by an 


interrupt macro during pocket machining in a multiple 
repetitive canned cycle. 


0212 ILLEGAL PLANE SELECT The direct drawing dimensions programming is commanded for 
the plane other than the Z-X plane. Correct the program. 


0213 ILLEGAL COMMAND IN In feed axis synchronization control, the following errors 
SYNCHRO-MODE occurred during the synchronous operation. 
1) The program issued the move command to the slave axis. 
2) The program issued the manual operation to the slave axis. 


3) The program issued the automatic reference position return 
command without specifying the manual reference position 
return after the power was turned on. 


0214 ILLEGAL COMMAND IN Coordinate system is set or tool compensation of the shift type 
SYNCHRO-MODE is executed in the synchronous control. Correct the program. 
0217 DUPLICATE G51.2(;COMMANDS) G51.2 is further commanded in the G51.2 mode. Modify the 
program. 
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0218 NOT FOUND P/Q COMMAND P or Q is not commanded in the G51.2 block, or the command 

value is out of the range. Modify the program. For a polygon 
turning between spindles, more information as to why this alarm 
occurred is indicated in DGN No. 471. 

INDEPENDENTLY commands. Modify the program in another block. 

ILLEGAL COMMAND IN In the synchronous operation, movement is commanded by the 

SYNCHR-MODE NC program or PMC axis control interface for the synchronous 
axis. Modify the program or check the PMC ladder. 

SYNCHR-MODE balance cutting are executed at a time. Modify the program. 

DNC OP. NOT ALLOWED IN BG-EDIT | Input and output are executed at a time in the background 
edition. Execute a correct operation. 

ZERO RETURN NOT FINISHED Reference position return has not been performed before the 


automatic operation starts. Perform reference position return 
only when the parameter ZRNx (No. 1005#0) is set to 0. 


0231 ILLEGAL FORMAT IN G10 L52 Errors occurred in the specified format at the 
programmable-parameter input. 


TOO MANY HELICAL AXIS Three or more axes were specified as helical axes in the helical 
COMMAND interpolation mode. Five or more axes were specified as helical 
axes in the helical interpolation B mode. 


connected via the RS-232-C interface, other users were using it. 

0239 BP/S ALARM While punching was being performed with the function for 
controlling external I/O units ,background editing was 
performed. 


0241 ILLEGAL FORMAT IN G02.2/G03.2 The end point of an involute curve on the currently selected 
plane, or the center coordinate instruction |, J or K of the 
corresponding basic circle, or basic circle radius R was not 
specified. 


0242 ILLEGAL COMMAND IN G02.2/G03.2 | An illegal value was specified in the involute curve. 
The coordinate instruction I, J or K of the basic circle on the 


currently selected plane or the basic circle radius R is “O”, or the 
start and end points are not inside the basic circle. 


0243 OVER TOLERANCE OF END POINT The end point is not positioned on the involute curve that 
passes through the start point, and this error exceeds the 


permissible error limit (parameter No. 2510). 


parameter is exceeded. 
0245 T-CODE NOT ALLOWED IN THIS One of the G codes, G50, G10, and G04, which cannot be 
BLOCK specified in the same block as a T code, was specified with a T 


code. 


OUTPUT CODE OF DATA. code. Specify ISO. 
COMMAND M06 command. 
COMMAND 

control mode. 
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0300 ILLEGAL COMMAND IN SCALING An illegal G code was specified during scaling. Modify the 
program. For the T system, one of the following functions is 
specified during scaling, this alarm is generated. 
- finishing cycle (G70 or G72) 
- outer surface rough-cutting cycle (G71 or G73) 
- end side rough-cutting cycle (G72 or G74) 
- closed loop cutting cycle (G73 or G75) 
- end side cutting-off cycle (G74 or G76) 
- outer surface or inner surface cutting-off cycle (G75 or G77) 
- multiple repetitive threading cycle (G76 or G78) 
- face drill cycle (G83 or G83) 
- face tap cycle (G84 or G84) 
- face boring cycle (G85 or G85) 
- side drill cycle (G87 or G87) 
- side tap cycle (G88 or G88) 
- side boring cycle (G89 or G89) 
- outer surface turning cycle or inner surface boring cycle (G77 

or G20) 

- threading cycle (G78 or G21) 
- end side turning cycle (G79 or G24) 
(Specify G codes for systems B and C in that order.) 

0301 RESETTING OF REFERENCE Although parameter No. 1012#0 (IDGx) was set to 1 to inhibit 

RETURN IS INHIBITED the reference position from being set again for a return to the 

reference position without a dog, an attempt was made to 
perform a manual return to the reference position. 


0302 SETTING THE REFERENCE The reference position could not be set for a return to the 
POSITION WITHOUT DOG IS NOT reference position without a dog. Possible causes are: 
PERFORMED - The axis was not moved in the direction of a return to the 


reference position for jog feeding. 
- The axis was moved in the direction opposite to the direction 
of a manual return to the reference position. 


0303 REFERENCE POSITION RETURN IS_ | When the setting of a reference position at any position was 
NOT PERFORMED possible in Cs contour control (parameter CRF (No. 3700#0) = 
1), a GOO command was issued for the Cs contour axis without 


a return to the reference position after the serial spindle was 
switched to Cs contour control mode. 

Perform a reference position return with a G28 command before 
issuing a GOO command. 


Although a reference position was not set, an automatic return 
ZERO RETURN to the reference position (G28) was commanded. 
0305 INTERMEDIATE POSITION IS NOT Although a G28 (automatic return to the reference position), 
ASSIGNED G30 (return to the second, third, or fourth reference position), or 
G30/1 (return to the floating reference position) command was 
not issued after power-up, G29 (return from the reference 
position) was commanded. 

0306 MISMATCH AXIS WITH CNR/CHF The correspondence between the moving axis and the I, J, or K 
command is incorrect in a block in which chamfering is 
specified. 

0307 CAN NOT START REFERENCE An attempt was made to set a butt-type reference position for an 

RETURN WITH MECHANICAL axis for which to use the function to set a reference position 
STOPPER SETTING without a dog. 


0308 G72.1 NESTING ERROR G72.1 was specified again during G72.1 rotation copying. 
0309 G72.2 NESTING ERROR G72.2 was specified again during G72.2 parallel copying. 
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0310 FILE NOT FOUND The specified file could not be found during a subprogram or 
macro call. 


0311 CALLED BY FILE NAME FORMAT An invalid format was specified to call a subprogram or macro 
ERROR using a file name. 


ILLEGAL COMMAND IN DIRECT Direct input of drawing dimensions was commanded in an 

DRAWING DIMENSIONS invalid format. 

PROGRAMMING An attempt was made to specify an invalid G code during direct 
input of drawing dimensions. 
Two or more blocks not to be moved exist in consecutive 
commands that specify direct input of drawing dimensions. 
Although non-use of commas (,) (parameter No. 3405#4 = 1) 
was specified for direct input of drawing dimensions, a comma 
was specified. 

0313 ILLEGAL LEAD COMMAND The variable-lead threading increment specified in address K 

exceeds the specified maximum value in variable-lead 


threading. Or, a negative lead value was specified. 


0314 ILLEGAL SETTING OF POLYGONAL | An axis was specified invalidly in polygon turning. 
AXIS For polygon turning: 
A tool rotation axis is not specified. 
(Parameter No. 7610) 
For polygon turning between spindles: 
Valid spindles are not specified. 
(Parameter Nos. 7640 to 7643) 
- A spindle other than the serial spindle. 
- A spindle is not connected. 


IS INTHE THREAD CUTTING CYCLE | canned threading cycle (G76). 
THE THREAD CUTTING CYCLE specified in a multiple repetitive canned threading cycle (G76). 
0317 ILLEGAL THREAD COMMAND IS IN A zero or a negative value is specified in a multiple repetitive 
THE THREAD CUTTING CYCLE canned threading cycle (G76) as the thread height or the depth 
of cut. 
0318 ILLEGAL RELIEF AMOUNT IS IN THE | Although an escape directions is set in a multiple repetitive 
DRILLING CYCLE canned cutting-off cycle (G74 or G75), a negative value is 
specified for Ad. 
0319 THE END POINT COMMAND IS Although the Ai or Ak travel distance is set to 0 in a multiple 
ILLEGAL IN THE DRILLING CYCLE repetitive canned cutting-off cycle (G74 or G75), a value other 
than 0 us specified for a U or W. 
0320 ILLEGAL MOVEMENT A negative value is specified in a multiple repetitive canned 
AMOUNT/CUTTING AMOUNT IS IN cutting-off cycle (G74 or G75) as Ai or Ak (travel distance/the 
THE DRILLING CYCLE depth of cut). 
PATTERN REPEATING CYCLE canned closed loop cycle (G73) as a repeated time. 
0322 FINISHING SHAPE WHICH OVER OF | An invalid shape which is over the cycle starting point is 
STARTING POINT specified in a shape program for a multiple repetitive canned 
rough-cutting cycle (G71 or G72). 
0323 THE FIRST BLOCK OF SHAPE Type Il is specified in the first block of the shape program 
PROGRAM IS A COMMAND OF specified by P in a multiple repetitive canned rough-cutting cycle 
TYPE Il (G71 or G72). Z (W) command is for G71. 
X (U) command is for G72. 
0324 THE INTERRUPTION TYPE MACRO | An interruption type macro was issued during the multiple 
WAS DONE IN THE MULTIPLE repetitive canned cycle (G70, G71, G72, or G73). 
REPETIVE CYCLES 
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0325 UNAVAILABLE COMMAND IS IN An usable command was issued in a shape program for a 
SHAPE PROGRAM multiple repetitive canned cycle (G70, G71, G72, or G73). 


LAST BLOCK OF SHAPE PROGRAM | Ina shape program in the multiple repetitive canned cycle (G70, 
IS A DIRECT DRAWING G71, G72, or G73), a command for direct input of drawing 
DIMENSIONS dimensions in the last block is terminated in the middle. 

MODAL THAT MULTIPLE REPETIVE | A multiple repetitive canned cycle (G70, G71, G72, or G73) was 


CYCLES CANNOT BE DONE commanded in a modal state in which a multiple repetitive 
canned cycle could not be commanded. 
ILLEGAL WORK POSITION IS IN THE | The specification for the blank side for a tool-nose radius 





TOOL NOSE RADIUS compensation (G41 or G42) is incorrect in a multiple repetitive 
COMPENSATION canned cycle (G71 or G72). 

0329 THE FINISHING SHAPE IS NOT A In a shape program for the multiple repetitive canned 
MONOTONOUS CHANGE(SECOND rough-cutting cycle (G71 or G72), the command of the second 
AXES) plane axis was not a monotonous increase or decrease. 


0330 ILLEGAL AXIS COMMAND IS IN THE. | An axis other than the plane is specified n a canned cycle(G90, 
TURNING CANNED CYCLE G92, or G94). 


0331 ILLEGAL AXIS NUMBER IN AX[] An illegal value is specified for an AX[] axis number. 


0332 ILLEGAL AXIS ADDRESS IN An illegal value is specified for an AXNUM[] axis address. 
AXNUMJ[ 


0333 TOO MANY SPINDLE COMMANDS Multiple spindle commands could be found in the same block in 
using an expansion spindle name. 
Only one spindle could be commanded in the same block. 
RANGE specified. (malfunction prevention function) 
a wait function with peripheral devices by an M code. 
0336 TOOL COMPENSATION For a tool length compensation C, an attempt was made to 
COMMANDED MORE TWO AXES command the offset to other axes without canceling the offset. 
Or, for a tool length compensation C, multiple axes are specified 
in G43 or G44 block. 


0337 EXCESS MAXIMUM INCREMENTAL The command value exceeded the maximum amount of 
VALUE incremental. (malfunction prevention function) 


An incorrect value was detected in a check sum. 
(malfunction prevention function) 
0340 ILLEGAL RESTART(NANO With manual absolute turned on, an attempt was made to restart 
SMOOTHING) the operation in nano smoothing mode after performing the 
manual interaction. 
(NANO SMOOTHING) in nano smoothing mode. 
0342 CUSTOM MACRO INTERRUPT A custom macro interrupt was enabled in nano smoothing 
ENABLE IN NANO SMOOTHING mode. Or, nano smoothing mode was commanded with a 


custom macro interrupt enabled. 





0343 ILLEGAL COMMAND IN NANO G43, G44, or G49 was commanded during a nano smoothing. 
SMOOTHING 

0344 CANNOT CONTINUE NANO An illegal command or operation by which a nano smoothing 
SMOOTHING could not be continued was performed. 

0345 TOOL CHANGE ILLEGAL Z AXIS A tool change position on the Z-axis is incorrect. 
POS 


0346 TOOL CHANGE ILLEGAL TOOL NUM | A tool change position is not set. 


0347 TOOL CHANGE ILLEGAL COMMAND | Tool changing is commanded twice or more in the same block. 
IN SAME BLK. 





- 1602 - 


B-63944EN/02 


APPENDIX G.ALARM LIST 


[| Number | Message | Ci escription 
0348 TOOL CHANGE Z AXIS POS NOT A tool change spindle on the Z-axis is not set. 


ESTABLISHED 


0349 TOOL CHANGE SPINDLE NOT STOP | A tool change spindle stop is not stopped. 


PARAMETER OF THE INDEX OF 
THE SYNCHRONOUS CONTROL 
AXIS SET ERROR. 

BECAUSE THE AXIS IS MOVING, 
THE SYNC CONTROL IS CAN'T BE 
USED. 


SYNCHRONOUS CONTROL AXIS 
COMPOSITION ERROR. 


THE INSTRUCTION WAS DONE FOR 
THE AXIS WHICH WAS NOT ABLE 
TO MOVE. 


THE G28 WAS INSTRUCTED IN 
WITH THE REF POS NOT FIXED IN 
SYNC MODE 

PARAMETER OF THE INDEX OF 
THE COMPOSITE CONTROL AXIS 
SET ERROR. 

BECAUSE THE AXIS IS MOVING, 
THE COMP CONTROL IS CAN'T BE 
USED. 

COMPOSITE CONTROL AXIS 
COMPOSITION ERROR. 


THE G28 WAS INSTRUCTED IN 
WITH THE REF POS NOT FIXED IN 
COMP MODE 

PARAMETER OF THE INDEX OF 
THE SUPERPOS CONTROL AXIS 
SET ERROR. 


BECAUSE THE AXIS IS MOVING, 
THE SUPERPOS CONTROL IS 
CAN'T BE USED. 


An illegal synchronization control axis number (parameter No. 
8180) is set. 


While the axis being subject to synchronization control was 
moving, an attempt was made to start or cancel the 
synchronization control by a synchronization control axis 
selection signal. 
This error occurred when: 
1) An attempt was made to perform synchronization control for 
the axis during a synchronization, composition, or 
superposition. 
2) An attempt was made to synchronize a further 
great-grandchild for a parent-child-grandchild relation. 
3) An attempt was made to operate synchronization control 
although a parent-child-grandchild relation was not set. 
This error occurred when: 
- For synchronization 
1) Amove command was issued to the axis for which 
parameter No. 8163#7NUM«x is set to 1. 

2) Amove command was issued to the slave axis. 

For composition 

1) Amove command was issued to the axis for which 
parameter No. 8163#7NUM«x is set to 1. 

2) Amove command was issued to the axis for which 
parameter No. 8162#7MUM«x is set to 1. 

This error occurred when G28 was specified to the master axis 

being parking during synchronization control, but an axis 

reference position is not set for the slave axis. 

An illegal composite control axis number (parameter No. 8183) 

is specified. 


While the axis being subject to composite control was moving, 
an attempt was made to start or cancel the composite control by 
a composite control axis selection signal. 

This error occurred when an attempt was made to perform 
composite control for the axis during a synchronization, 
composition, or superposition. 

This error occurred when G28 was specified to the composite 
axis during composite control, but a reference position is not set 
to the other part of the composition. 

An illegal superposition control axis number (parameter No. 
8186) is specified. 


While the axis being subject to superposition control was 
moving, an attempt was made to start or cancel the 
superposition control by a superposition control axis selection 
signal. 
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0362 


SUPERPOSITION CONTROL AXIS 
COMPOSITION ERROR. 


THE G28 WAS INSTRUCTED IN TO 
THE SUPERPOS CONTROL SLAVE 
AXIS. 

THE G53 WAS INSTRUCTED IN TO 
THE SUPERPOS CONTROL SLAVE 
AXIS. 

TOO MANY MAXIMUM SV/SP AXIS 
NUMBER 

PER PATH 


IMPROPER G-CODE IN TURRET 
METHOD 


3-D CONV. WAS COMMANDED IN 
SYNC MODE AS THE PARAMETER 
PKUx(NO.8162#2) IS 0. 

OFFSET REMAIN AT OFFSET 
COMMAND 


G31 FORMAT ERROR 


G31P/G04Q ERROR 


ILLEGAL FORMAT IN G10 OR L50 


REFERENCE RETURN 
INCOMPLETE 


ILLEGAL HIGH-SPEED SKIP SIGNAL 


This error occurred when: 

1) An attempt was made to perform superposition control for 
the axis during a synchronization, composition, or 
superposition. 

2) An attempt was made to synchronize a further 
great-grandchild for a parent-child-grandchild relation. 

This error occurred when G28 was specified to the 

superposition control slave axis during superposition control. 


This error occurred when G53 was specified to the slave axis 
being moved during superposition control. 


The maximum control axis number or maximum control spindle 
number which could be used within a path was exceeded. 
(For a loader path, this alarm is generated if the number of axis 
per path is set to 5 or greater.) 
When the turret change tools method was selected (parameter 
No. 5040#3 (TCT) = 0), G43, G43.1, G43.4, G43.5, or G43.7 
was commanded. 
A three-dimensional coordinate conversion was commanded 
during synchronization control when the parameter PKUx 
(No.8162#2) was 0. 
When the ATC change tools method was selected (parameter 
No. 5040#3 (TCT) = 1) during G43, G43.1, G43.4, or G43.5 
mode, G43.7 was commanded. Or, G43, G43.1, G43.4, or 
G43.5 was commanded during G43.7 mode. 
- No axis is specified or tow or more axes are specified in the 
torque limit switch instruction (G31P98/P99). 
- The specified torque Q value in the torque limit switch 
instruction is out of range. The torque Q range is 1 to 99. 
The specified address P value for G31 is out of range. The 
address P range is 1 to 4 in a multistage skip function. 
The specified address Q value for G04 is out of range. The 
address Q range is 1 to 4 in a multistage skip function. 
Or, P1-4 for G31, or Q1-4 for G04 was commanded without a 
multistage skip function option. 
In a command format for a programmable parameter input, an 
attempt was made to change the parameter for an encryption 
(No. 3220), key (No. 3221), or protection range (No.3222 or 
No.3223) as a "the encryption function for the key and program." 
Modify the program. 
An attempt was made to perform an automatic return to the 
reference position on the orthogonal axis before the completion 
of a return to the reference position on the angular axis. 
However, this attempt failed because a manual return to the 
reference position during angular axis control or an automatic 
return to the reference position after power-up was not 
commanded. First, return to the reference position on the 
angular axis, then return to the reference position on the 
orthogonal axis. 
In the skip commands (G31, G31P1 to G31P4) and dwell 
commands (G04, G04Q1 to G04Q4), the same high-speed 
signal is selected in different paths. 
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0374 ILLEGAL REGISTRATION OF TOOL 
MANAGER(G10) 


CAN NOT ANGULAR 
CONTROL(SYNC:MIX:OVL) 


SERIAL DCL: ILLEGAL PARAMETER 


G10L75 or G10L76 data was registered during the following 

data registration: 

- From the PMC window. 

- From the FOCAS2. 

- By G10L75 or G10L76 in another system. 

Command G10L75 or G10L76 again after the above operation 

is completed. 

Angular axis control is disabled for this axis configuration. 

1) When some related axes under angular axis control are not 
in synchronous control mode or when one angular axis is not 
paired with the other angular axis or one Cartesian axis is 
not paired with the other Cartesian axis in synchronous 
control 
When some related axes under composite control are not in 
composite control mode or when one angular axis is not 
paired with the other angular axis or one Cartesian axis is 
not paired with the other Cartesian axis in composite control 
When related axes under angular axis control is switched to 
superposition control mode’) 

. When Parameter No.1815#1 is set to “1”, parameter 
No.2002#3 is set to “0” 

. The absolute-position detection function is enabled. 
(Parameter No.1815#5 is set to “1”. ) 





0387 ILLEGAL RTM DI/DO VAR There is no DI/DO variable that has a specified signal address 
(alphabet, number). 


0389 ILLEGAL RTM SIGNAL BIT 


Bits other than bits 0 to 7 cannot be specified with a DI/DO 
signal. 


0391 RTM BRANCH OVER The number of branches supported with real time custom 
macros was exceeded. 


TOO MANY SENTENCE CONTROL 


Many reserved words (ZONCE, ZEDGE, ZWHILE, ZDO, ZEND, 
G65, M99) for RTM control were used in a real time macro 
command. 


0393 NO SENTENCE CONTROL In a real time macro command, there is no data to be assigned. 


0394 ILLEGAL SENTENCE CONTROL 
0395 ILLEGAL NC WORD CONTROL 


0396 ILLEGAL RTM SENTENCE 
CONTROL 


0397 RTM BUFFER OVER 


0398 ‘ID OVER IN BUFFER 
0399 ‘ID EXECUTION IN SAME TIME 


0400 ONESHOT CMDOVER 


0401 EXEC CMD NUM OVER IN SAME 
TIME 


0402 ILLEGAL TOKEN FOR RTM 


0403 ACCESS TO RTM PROTECT VAR 


The matching of reserved words (ZONCE, ZEDGE, ZWHILE, 
ZDO, ZEND, G65, M99) for RTM control is incorrect. 

Control code G65 or M99 for calling a subprogram or returning 
from a subprogram is not coded correctly. 

In other than a real time macro command, a reserved word 
(ZONCE, ZEDGE, ZWHILE, ZDO, or ZEND) for RTM control is 
used. 

There is no buffer available for real time macro commands. 
Too many blocks read in advance are buffered as triggers used 
by real time macro commands. 

In blocks read in advance, there are too many real time macro 
commands with the same ID. 

An attempt was made to execute real time macro commands 
with the same ID by using the same NC statement as a trigger. 
Too many one-shot real time macro commands are specified. 
The number of real time macro commands that can be executed 
simultaneously was exceeded 

A token, variable, or function that is not supported by the real 
time custom macro function was detected. 

An attempt was made to access a protected variable. 
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0404 RTM ERROR An error related to a real time macro command occurred. 


The storage size of the real time macro area is insufficient. 

DOULE SLASH IN RTM MODE In the compile mode, an attempt was made to set the compile 
mode again. 

The absolute command cannot be specified. 


ILLEGAL AXIS NO An invalid axis number is specified. 


0410 MIDDLE POINT IS NOT ZERO An intermediate point other than 0 is specified with G28. 


0411 SIMULTANEOUSLY AXES OVER The maximum number of axes that can be controlled 
simultaneously was exceeded. 
0412 ILLEGAL G CODE An unusable G code was used. 


0413 ILLEGAL ADDRESS An unusable address was used. 
0414 ILLEGAL PMC AXIS NO. An invalid PMC axis number is specified. 


0415 GROUP IS IN USE The group to which the specified axis belongs is already in 
used. 


The specified axis cannot be used. 
The specified axis is placed in the inoperative state. 
An incorrect feedrate is set. 
A travel distance beyond the specifiable range is specified. 
A subprogram is specified not by using a constant. 
0421 ILLEGAL ARGUMENT G54 With G65, an invalid argument, L, is used. 
With G65, an invalid argument is used. 
The option for PMC axis control is missing. 
Multiple axes are using one group. 
One axis is using multiple groups. 


0429 ILLEGAL COMMAND IN G10.6 When retract was started in a threading block, a retract 
command had been issued for the long axis direction of 
threading. 


1014 ILLEGAL FORMAT OF PROGRAM Address O or N is not followed by a number. 
NO. 


EOB (End of Block) code is missing at the end of a program 
input in the MDI mode. 

A M99 was commanded during main program when the 
parameter AMM (No. 7712#4) = 1 was set. 


1059 COMMAND IN BUFFERING MODE The manual intervention compensation request signal MIGET 
became “1” when a advanced block was found during automatic 
operation. 

To input the manual intervention compensation during automatic 
operation, a sequence for manipulating the manual intervention 





compensation request signal MIGET is required in an M code 
instruction without buffering. 


1077 PROGRAM IN USE An attempt was made in the foreground to execute a program 
being edited in the background. 
The currently edited program cannot be executed, so end 


editing and restart program execution. 


The program of the specified file No. is not registered in an 
external device. (external device subprogram call) 
1080 DUPLICATE DEVICE SUB Another external device subprogram call was made from a 
PROGRAM CALL subprogram after the subprogram called by the external device 
subprogram call. 


1081 EXT DEVICE SUB PROGRAM CALL The external device subprogram call is not possible in this 
MODE ERROR mode. 


- 1606 - 





B-63944EN/02 APPENDIX G.ALARM LIST 


[| Number | Message | Ci escription 
1091 DUPLICATE SUB-CALL WORD More than one subprogram call instruction was specified in the 
same block. 


1092 DUPLICATE MACRO-CALL WORD More than one macro call instruction was specified in the same 
block. 


1093 DUPLICATE NC-WORD & M99 An address other than O, N, P or L was specified in the same 
block as M99 during the macro modal call state. 


1095 TOO MANY TYPE-2 ARGUMENT More than ten sets of I, J and K arguments were specified in the 
type-II arguments (A, B, C, I, J, K, I, J, K, ...) for custom 
macros. 

ILLEGAL VARIABLE NAME An illegal variable name was specified. A code that cannot be 
specified as a variable name was specified. [#_OFSxx] does not 
match the tool offset memory option configuration. 


1097 TOO LONG VARIABLE NAME The specified variable name is too long. 


1098 NO VARIABLE NAME The specified variable name cannot be used as it is not 
registered. 


1099 ILLLEGAL SUFFIX [] A suffix was not specified to a variable name that required a 
suffix enclosed by [ ]. 
A suffix was specified to a variable name that did not require a 
suffix enclosed by [ ]. 


The value enclosed by the specified [ ] was out of range. 
1100 CANCEL WITHOUT MODAL CALL Call mode cancel (G67) was specified even though macro 
continuous-state call mode (G66) was not in effect. 


interrupt containing a move instruction could not be executed. 

1115 READ PROTECTED VARIABLE An attempt was made in a custom macro to use on the right 
side of an expression a variable that can only be used on the left 
side of an expression. 


1120 ILLEGAL ARGUMENT FORMAT The specified argument in the argument function (ATAN, POW) 
is in error. 


1124 MISSING DO STATEMENT The DO instruction corresponding to the END instruction was 
missing in a custom macro. 


1125 ILLEGAL EXPRESSION FORMAT The description of the expression in a custom macro statement 
contains an error. 
A parameter program format error. 
The screen displayed to enter periodic maintenance data or item 
selection menu (machine) data does not match the data type. 
1128 SEQUENCE NUMBER OUT OF The jump destination sequence No. in a custom macro 
RANGE statement GOTO instruction was out of range (valid range: 1 to 


99999999). 


1131 MISSING OPEN BRACKET The number of left brackets ([) is less than the number of right 
brackets (]) in a custom macro statement. 





1132 MISSING CLOSE BRACKET The number of right brackets (]) is less than the number of left 
brackets ([) in a custom macro statement. 


1133 MISSING '=' An equal sign (=) is missing in the arithmetic calculation 
instruction in a custom macro statement. 


1134 MISSING ';' A delimiter (,) is missing in a custom macro statement. 


error. 
ERROR in error. 
ERROR in error. 
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1141 ILLEGAL CHARACTER IN VAR. The SETVN statement in a custom macro contacts a character 
NAME that cannot be used in a variable name. 


macro exceeds 8 characters. 
1143 The format used in the BPRINT statement or DPRINT 
FORMAT ERROR statement is in error. 

1144 G10 FORMAT ERROR The G10 L No. contains no relevant data input or corresponding 
option. 
Data setting address P or R is not specified. 
An address not relating to the data setting is specified. Which 
address to specify varies according to the L No. 
The sign, decimal point or range of the specified address are in 
error. 


PMC within the specified time limit. 
1146 
1152 G31.9/G31.8 FORMAT ERROR The format of the G31.9 or G31.8 block is erroneous in the 
following cases: 
- The axis was not specified in the G31.9 or G31.8 block. 
- Multiple axes were specified in the G31.9 or G31.8 block. 
- The P code was specified in the G31.9 or G31.8 block. 
CANNOT USE G31.9 G31.9 cannot be specified in this modal state. This alarm is also 
generated when G31.9 is specified when a group 07 G code 
(e.g. cutter compensation) is not canceled. 
COMMAND DATA OVERFLOW An overflow occurred in the position data within the CNC. 
This alarm is also generated if the target position of a command 
exceeds the maximum stroke as a result of calculation such as 
coordinate conversion, offset, or introduction of a manual 
intervention amount. 


1180 

1196 ILLEGAL DRILLING AXIS SELECTED | An illegal axis was specified for drilling in a canned cycle for 
drilling. 
If the zero point of the drilling axis is not specified or parallel 
axes are specified in a block containing a G code in a canned 
cycle, simultaneously specify the parallel axes for the drilling 
axis. 

PULSCODER INVALID ZERO The grid position could not be calculated during grid reference 

RETURN position return using the grid system as the one-revolution 
signal was not received before leaving the deceleration dog. 
This alarm is also generated when the tool does not reach a 
feedrate that exceeds the servo error amount preset to 
parameter No. 1841 before the deceleration limit switch is left 
(deceleration signal *DEC returns to “1”). 

1202 F codes in the inverse time specification mode (G93) are not 

handled as modal, and must be specified in individual blocks. 

1223 ILLEGAL SPINDLE SELECT An attempt was made to execute an instruction that uses the 

spindle although the spindle to be controlled has not been set 

correctly. 


1282 ILLEGAL COMMAND IN 3-D OFFSET | An illegal G code was specified in the three—dimensional tool 
offset mode. 


1283 ILLEGAL IJK IN 3-D OFFSET When bit 0 (ONI) of parameter No. 6029 is set to 1,1, J, and K 
commands are specified without the decimal point in 
three—dimensional tool compensation mode. 
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1298 ILLEGAL INCH/METRIC An error occurred during inch/metric switching. 

CONVERSION 

ILLEGAL ADDRESS The axis No. address was specified even though the parameter 
is not an axis—type while loading parameters or pitch error 
compensation data from a tape or by entry of the G10 
parameter. 

Axis No. cannot be specified in pitch error compensation data. 

MISSING ADDRESS The axis No. was not specified even though the parameter is an 
axis—type while loading parameters or pitch error compensation 
data from a tape or by entry of the G10 parameter. 

Or, data No. address N, or setting data address P or R are not 
specified. 

ILLEGAL DATA NUMBER A non-existent data No. was found while loading parameters or 
pitch error compensation data from a tape or by entry of the G10 
parameter. 

An invalid address R value is specified in a pattern program for 
each machining purpose on the high—speed high-precision 
setting screen. 

This alarm is also generated when illegal word values are found. 

ILLEGAL AXIS NUMBER An axis No. address exceeding the maximum number of 
controlled axes was found while loading parameters from a tape 
or by entry of the G10 parameter. 


pitch error compensation data from a tape. 

1305 DATA OUT OF RANGE Out—of-range data was found while loading parameters or pitch 
error compensation data from a tape. 

The values of the data setting addresses corresponding to L 
Nos. during data input by G10 was out of range. 

This alarm is also generated when NC programming words 
contain out—of-range values. 

MISSING AXIS NUMBER A parameter which requires an axis to be specified was found 
without an axis No. (address A) while loading parameters from a 
tape. 

ILLEGAL USE OF MINUS SIGN Data with an illegal sign was found while loading parameters or 
pitch error compensation data from a tape, or by entry of the 
G10 parameter. A sign was specified to an address that does 
not support the use of signs. 

MISSING DATA An address not followed by a numeric value was found while 
loading parameters or pitch error compensation data from a 
tape. 

ILLEGAL MACHINE GROUP An machine group No. address exceeding the maximum 

NUMBER number of controlled machine groups was found while loading 
parameters from a tape or by entry of the G10 parameter. 

ILLEGAL SPINDLE NUMBER An spindle No. address exceeding the maximum number of 
controlled spindles was found while loading parameters from a 
tape or by entry of the G10 parameter. 

ILLEGAL PATH NUMBER An path No. address exceeding the maximum number of 
controlled path was found while loading parameters from a tape 
or by entry of the G10 parameter. 


1332 DATA WRITE LOCK ERROR Could not load data while loading parameters, pitch error 
compensation data and work coordinate data from tape. 


1333 DATA WRITE ERROR Could not write data while loading data from tape. 
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1360 PARAMETER OUT OF RANGE Illegal parameter setting. (Set value is out of range.) 
(TLAC) 


1361 PARAMTER SETTING ERROR 1 Illegal parameter setting. (axis of rotation setting) 
(TLAC) 


(TLAC) 
Out—of-range data was set during setting of the 
(DM3H-1) three—dimensional handle feed parameter. 
1371 PARAMETER SETTING ERROR An illegal axis of rotation was set during setting of the 

(DM3H-2) Hitee dimensional hanes feed Pareitiaters 

(DM3H-3) Dee sensi) naridls fond parameter. 

(DM3H-4) three—dimensional handle feed parameter. 

G40.1 —G42.1 PARAMETER MISS A parameter setting related to normal direction control is illegal. 
The axis number of a normal direction controlled axis is set in 
parameter No. 5480, but that axis number is in the range of the 
number of controlled axes. 
The axis set as a normal direction controlled axis is not set as a 
rotation axis (ROTx, bit 0 of parameter No. 1006) = 1 and 
No.1022=0). 
Set the feedrate at which to insert rotation about a normal 


direction controlled axis in parameter No. 5481, in the range of 1 
to 15000 mm/min. 


REVERSING) (index table indexing) 
A function to which the same code as this M code is set exists. 
(SPOS AXIS ORIENTATION) (spindle positioning, orientation) 
A function to which the same code as this M code is set exists. 
POSITIONING) (spindle positioning, positioning) 
A function to which the same code as this M code is set exists. 
RELEASE) (spindle positioning, mode cancel) 
1531 ILLEGAL USE OF DECIMAL POINT When the feedrate instruction contains valid data below the 
(F-CODE) decimal point, the alarm is set and the F code contains valid 
data below the decimal point. 
1532 ILLEGAL USE OF DECIMAL POINT When the feedrate instruction contains valid data below the 
(E-CODE) decimal point, the alarm is set and the E code contains valid 
data below the decimal pot 
S codes is too slow in the teed per single rotation mode (G95). 
S codes is too fast in the feed per single rotation mode (G95). 
S codes is too slow in the feed per single rotation mode (G95). 
S codes is too fast in the feed per single rotation mode (G95). 
(OVERRIDE) too slow. 
(OVERRIDE) too fast. 
(OVERRIDE) too slow. 
(OVERRIDE) too fast. 
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1541 S-CODE ZERO “0” has been instructed as the S code. 
ILLEGAL GEAR SETTING The gear ratio between the spindle and position coder, or the 
set position coder number of pulses is illegal in the spindle 
positioning function. 


1544 S-CODE OVER MAX The S command exceeds the maximum spindle rotation 
number. 


ILLGAL AXIS MODE The spindle positioning axis/Cs contour control axis was 


specified during switching of the controlled axis mode. 


minimum indexing angle. 

SAME TIME specified in the same block. 

1567 INDEX TABLE AXIS DUPLICATE Index table indexing was specified during axis movement or on 

AXIS COMMAND an axis for which the index table indexing sequence was not 

completed. 
1580 ENCODE ALARM (PSWD8&KEY) When an attempt was made to read a program, the specified 

password did not match the password on the tape and the 
password on tape was not equal to 0. 
When an attempt was made to punch an encrypted tape, the 
password was not in the range 0 to 99999999. 
The password parameter is No. 2210. 

ENCODE ALARM (PARAMETER) When an attempt was made to punch an encrypted tape, the 
punch code parameter was set to EIA. Set parameter ISO (No. 
0000#1) to “O”. An incorrect instruction was specified for 
program encryption or protection. 
This alarm is generated if an attempt is made to perform 
program editing, deletion, or range-specified punch-out in the 
protected range in the lock state. Or, a program outside the 
protected range is specified in rage specification punch-out in 
the unlock state. 
The protected range is defined from the program No. preset by 
parameter No. 3222 up to the program No. preset to parameter 


No. 3223. When both parameters are set to “O”, the protected 
range becomes 09000 to 09999. 





TH ERROR A TH error was detected during reading from an input device. 
The read code that caused the TH error and how many 
statements it is from the block can be verified in the diagnostics 
screen. 

TV ERROR An error was detected during the single—block TV error. 

The TV check can be suppressed by setting TVC parameter No. 
0000#0 to “O”. 


END OF RECORD The EOR (End of Record) code is specified in the middle of a 
block. 
This alarm is also generated when the percentage at the end of 
the NC program is read. 
For the program restart function, this alarm is generated if a 
specified block is not found. 
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1593 EGB PARAMETER SETTING ERROR | Error in setting a parameter related to the EGB 

(1) The setting of SYN, bit O of parameter No. 2011, is not 
correct. 

(2) The slave axis specified with G81 is not set as a rotation 
axis. (ROT, bit 0 of parameter No. 1006) 

(3) Number of pulses per rotation (Parameter (No. 7772 or No. 
7773) or (No. 7782 or 7783) is not set.) 

(4) For a hobbing-machine-compatible command, parameter No. 
7710 is not specified. 


1594 EGB FORMAT ERROR Error in the format of the block of an EGB command 
(1) T (number of teeth) is not specified in the G81 block. 
(2) In the G81 block, the data specified for one of T, L, P, and Q 
is out of its valid range. 
(3) n the G81 block, only one of P and Q is specified. 
(4) In the G81.5 block, there is no command for the master or 


slave axis. 

(5) In the G81.5 block, data out of the specified range is 
specified for the master or slave axis. 

1595 ILL-COMMAND IN EGB MODE During synchronization with the EGB, a command that must not 

be issued is issued. 

(1) Slave axis command using G27, G28, G29, G30,G30.1, 
G33, G53, etc. 

(2) Inch/metric conversion command using G20, G21, etc. 


1596 EGB OVERFLOW An overflow occurred in the calculation of the synchronization 
coefficient. 


1597 EGB AUTO PHASE FORMAT ERROR | Format error in the G80 or G81 block in EGB automatic phase 
synchronization 
(1) R is outside the permissible range. 
EGB AUTO PHASE PARAMETER Error in the setting of a parameter related to EGB automatic 
SETTING ERROR phase synchronization 
(1) The acceleration/deceleration parameter is not correct. 
(2) The automatic phase synchronization parameter is not 
correct. 
ILLEGAL COMMAND [I/O Device] 
An attempt was made to specify an illegal command during I/O 
processing on an I/O device. 
[G30 Zero Return] 
The P address Nos. for instructing No. 2 to No. 4 zero return 
are each out of the range 2 to 4. 
[Single Rotation Dwell] 
The specified spindle rotation is “O” when single rotation dwell 
is specified. 
[Three—dimensional Tool Offset] 
A G code that cannot be specified was specified in the 
three—dimensional tool offset mode. 
Scaling instruction G51, skip cutting G31 and automatic tool 
length measurement G37 were specified. 
DEVICE TYPE MISS MATCH An operation not possible on the I/O device that is currently 
selected in the setting was specified. 
This alarm is also generated when file rewind is instructed even 
though the I/O device is nota FANUC Cassette. 
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1807 PARAMETER SETTING ERROR An I/O interface option that has not yet been added on was 
specified. 


The external I/O device and baud rate, stop bit and protocol 
selection settings are erroneous. 


1808 DEVICE DOUBLE OPENED An attempt was made to open a device that is being accessed. 


ILLEGAL COMMAND IN G41/G42 Specified direction tool length compensation parameters are 


incorrect. 
A move instruction for a axis of rotation was specified in the 
specified direction tool length compensation mode. 
connected to reader/punch interface 1 was not detected. 
1830 DR OFF (2) The data set ready input signal DR of the I/O device connected 
to reader/punch interface 2 turned OFF. 

OVERRUN ERROR(2) The next character was received from the I/O device connected 
to reader/punch interface 2 before it could read a previously 
received character. 
connected to reader/punch interface 2 was not detected. 

BUFFER OVERFLOW(2) The NC received more than 10 characters of data from the I/O 


device connected to reader/punch interface 2 even though the 
NC sent a stop code (DC3) during data reception. 


1889 ILLEGAL COMMAND IN G54.3 An illegal command was issued in G54.3 block. 
(1) An attempt was made to command G54.3 in a mode in which 






it cannot be accepted. 
(2) The command was not issued in a single block. 


1898 ILLEGAL PARAMETER IN G54.2 An illegal parameter (Nos. 6068 to 6076) was specified for 
fixture offset. 


1912 V-DEVICE DRIVER ERROR (OPEN An error occurred during device driver control. 


) 
1960 ACCESS ERROR (MEMORY CARD) Illegal memory card accessing 
This alarm is also generated during reading when reading is 
executed up to the end of the file without detection of the EOR 


code. 


1961 NOT READY (MEMORY CARD The memory card is not ready 
1962 CARD FULL (MEMORY CARD The memory card has run out of space 


) 
) 
1963 CARD PROTECTED (MEMORY The memory card is write—protected 
ee ee ee 
) 


1964 NOT MOUNTED (MEMORY CARD The memory card could not be mounted 


1965 DIRECTORY FULL (MEMORY CARD) | The file could not be generated in the root directory for the 
memory card 


1966 FILE NOT FOUND (MEMORY CARD) _| The specified file could not be found on the memory card 
1967 FILE PROTECTED (MEMORY CARD) | The memory card is write—protected. 
i ; 


) 
1968 ILLEGAL FILE NAME (MEMORY Illegal memory card file name 
CARD) 
) 


A file having the same name already exists on the memory card. 


1990 SPL:ILLEGAL AXIS COMMAND The axis specified by the smooth interpolation (G5.1Q2) is 
illegal. 


1993 SPL:CAN'T MAKE VECTOR The end point and the 2 previous point are the same in 
generation of the 3-dimensional tool offset vector by the end 


point for smooth interpolation. 
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1995 ILLEGAL PARAMETER IN The parameter settings (parameter Nos. 6080 to 6089) for 
G41.2/G42.2 determining the relationship between the axis of rotation and the 
rotation plane are incorrect. 


1999 ILLEGAL PARAMETER IN G41.3 The parameter settings (parameter Nos. 6080 to 6089) for 
determining the relationship between the axis of rotation and the 


rotation plane are incorrect. 
Knot has not been specified, or a block not related to NURBS 
interpolation was specified in the NURBS interpolation mode. 
An axis not specified as a control point was specified in the No. 
1 block. 


2004 ILLEGAL KNOT There is an insufficient number of knot individual blocks. 
The NURBS interpolation mode was turned OFF even though 
NURBS interpolation was not completed. 
A mode that cannot be paired with the NURBS interpolation 
mode was specified. 
Nested knots for each level can be specified for the start and 
end points. 


2051 #200-#499ILLEGAL P-CODE MACRO | An attempt was made to enter a custom macro common 
COMMON INPUT(NO OPTION) variable not existing in the system. 


2052 #500-#549P-CODE MACRO The variable name cannot be entered. 
COMMON SELECT(CANNOT USE The SETVN command cannot be used with the P-CODE macro 


SETVN) common variables #500 to #549. 


An attempt was made to enter a P-CODE-only variable not 
UNMATCH existing in the system. 

An attempt was made to enter an extended P-CODE-only 
UNMATCH variable not existing in the system. 
ILLEGAL PARAMETER IN The parameter for the pivot tool length compensation is 
G43.4/G43.5 incorrect. 


2061 ILLEGAL COMMAND IN G43.4/G43.5_ | An illegal command was specified in tool center point control. 

- A rotation axis command was specified in tool center point 
control (type 2) mode. 
With a table rotary type or mixed-type machine, a |, J, or K 
command was specified in the tool center point control (type 
2) command (G43.5) block. 
A command that does not move the tool center point (only a 
rotation axis is moved) was specified for the workpiece in the 
G02 mode. 
G43.4 or G43.5 was specified in the tool center point control 
mode. 

- When the workpiece coordinate system is set as the 





programming coordinate system (bit 5 (WKP) of parameter 
No. 19696 is 1), G02 or G03 was specified while the rotation 
axis was not perpendicular to the plane. 

5006 TOO MANY WORD IN ONE BLOCK The number of words in a block exceeds the maximum. The 
maximum is 26 words. However, this figure varies according to 
NC options. Divide the instruction word into two blocks. 

5007 TOO LARGE DISTANCE Due to compensation, point of intersection calculation, 
interpolation or similar reasons, a movement distance that 
exceeds the maximum permissible distance was specified. 
Check the programmed coordinates or compensation amounts. 


5009 PARAMETER ZERO (DRY RUN) The dry run feedrate parameter No. 1410 or maximum cutting 
feedrate parameter No. 1422 for each axis has been set to 0. 
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5010 END OF RECORD The EOR (End of Record) code is specified in the middle of a 
block. This alarm is also generated when the percentage at the 


end of the NC program is read. 


5011 PARAMETER ZERO (CUT MAX) The maximum cutting feedrate parameter No. 1430 has been 
set to 0. 


5014 TRACE DATA NOT FOUND A transfer could not be made because of no trace data. 


5015 NO ROTATION AXIS No rotation axis was found in a handle feed in the tool axis 
direction or in the tool axis right angle direction. 





5016 ILLEGAL COMBINATION OF M M codes which belonged to the same group were specified in a 
CODES block. Alternatively, an M code which must be specified without 
other M codes in the block was specified in a block with other M 

codes. 


POLYGON SPINDLE SPEED ERROR | In G51.2 mode, the speed of the spindle or polygon 
synchronous axis either exceeds the clamp value or is too small. 
The specified rotation speed ratio thus cannot be maintained. 
For polygon turning between spindles: 

More information as to why this alarm occurred is indicated in 

DGN No. 471. 

PARAMETER OF RESTART ERROR _| The setting of parameter No. 7310 for specifying the order of the 
axes on which to move to the machining restart position in a dry 
run is invalid. The valid range is from 1 to the number of 
controlled axes. 

TOO MANY G68 NESTING Three-dimensional coordinate conversion has been specified 
three or more times. 

To perform another coordinate conversion, perform cancellation, 

then specify the coordinate conversion. 

G68 FORMAT ERROR Errors for three-dimensional coordinate conversion command 
are: 

(1) No I, J, or K command was issued in three-dimensional 
coordinate conversion command block. (without coordinate 
rotation option) 

(2) All of I, J, or K command were 0 in three-dimensional 
coordinate conversion command block. 

(3) No rotation angle R was not commanded in 
three-dimensional coordinate conversion command block. 

ILLEGAL PARAMETER (S-COMP) The setting of a parameter related to straightness compensation 
contains an error. 

Possible causes include: 

- A non-existent axis number is set in a moving or 
compensation axis parameter. 

More than 128 pitch error compensation points are set 
between the furthest points in the negative and position 
regions. 

The straightness compensation point numbers do not have 
correct magnitude relationships. 

No straightness compensation point is found between the 
furthest pitch error compensation point in the negative region 
and that in the positive region. 

The compensation per compensation point is either too large 
or too small. 


5050 ILL-COMMAND IN G81.1 MODE During chopping, a move command has been issued for the 
chopping axis. 
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5058 G35/G36 FORMAT ERROR A command for switching the major axis has been specified for 
circular threading. Alternatively, a command for setting the 
length of the major axis to 0 has been specified for circular 
threading. 

ILLEGAL PARAMETER IN The axis parameter setting to perform an exponential 

G02.3/G03.3 interpolation is in error. 

Parameter No. 5641: 

A liner axis number for performing an exponential interpolation 
Parameter No. 5642: 

A rotation axis number for performing an exponential 
interpolation 

The settable value is 1 to the number of control axes, but it must 
not be duplicated. 

ILLEGAL FORMAT IN G02.3/G03.3 The exponential interpolation command (G02.3/G03.3) has a 
format error. 

The command range for address | or J is -89.0 to -1.0 or +1.0 to 
+89.0. No | or J is specified or out-of -range value is specified. 
No address R, or 0 is specified. 

ILLEGAL COMMAND IN G02.3/G03.3 | The value specified in an exponential interpolation command 
(G02.3/03.3) is illegal. A value that does not allow exponential 
interpolation is specified. (For example, the value for In is 0 or 
negative.) 

5064 DIFFERRENT AXIS UNIT Circular interpolation has been specified on a plane consisting 
of axes having different increment systems. 


5065 DIFFERRENT AXIS UNIT(PMC AXIS) _ | Axes having different increment systems have been specified in 





the same DI/DO group for PMC axis control. Modify the setting 
of parameter No. 8010. 


5066 RESTART ILLEGAL SEQUENCE A sequence number from 7000 to 7999 was read during the 
NUMBER search for the next number in a restart program for the back or 


restart function. 


No travel axis was specified. Two or more travel axes were 
specified. 

No decimal point has been specified for an address requiring a 
decimal point. 


5074 ADDRESS DUPLICATION ERROR The same address has been specified two or more times in a 
single block. Alternatively, two or more G codes in the same 
group have been specified in a single block. 


5085 SMOOTH IPL ERROR 1 A block for specifying smooth interpolation contains a syntax 
error. 


5115 ILLEGAL ORDER (NURBS) There is an error in the specification of the rank. 
5116 ILLEGAL KNOT VALUE (NURBS) Monotone increasing of knots is not observed. 


The first control point is incorrect. 
(NURBS) Or, it does not provide a continuity from the previous block. 
After manual intervention with manual absolute mode set to on, 
NURBS interpolation was restarted. 
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5122 ILLEGAL COMMAND IN SPIRAL A spiral interpolation or conical interpolation command has an 
error. Specifically, this error is caused by one of the following: 
1) L=Ois specified. 
2) Q=Ois specified. 


3) R/, R/, Cis specified. 

4) Zero is specified as height increment. 

5) Zero is specified as height difference. 

6) Three or more axes are specified as the height axes. 

7) Aheight increment is specified when there are two height 


axes. 
8) Qis specified when radius difference = 0. 
9) Q<0Ois specified when radius difference > 0. 
10) Q>Ois specified when radius difference < 0. 
11) A height increment is specified when no height axis is 
specified. 
The difference between a specified end point and the calculated 
IN SPIRAL end point exceeds the allowable range (parameter 3471). 
CAN NOT COMMAND SPIRAL A spiral interpolation or conical interpolation was specified in 
any of the following modes: 
1) Scaling 
2) Polar coordinate interpolation 
3) In cutter compensation C mode, the center is set as the end 
point. 
5130 NC AND SUPERIMPOSE AXIS In the PMC superposition axis control, the NC command and 
CONFLICT The PMC axis control command were conflicted. Modify the 
program and the ladder. 
5131 NC COMMAND IS NOT COMPATIBLE | The PMC axis control and three-dimensional coordinate 


conversion or a polar coordinate interpolation were specified 
simultaneously. 


5132 CANNOT CHANGE SUPERIMPOSED | The superposition axis was selected for the axis for which the 
AXIS PMC superposition axis is being controlled. 


5195 DIRECTION CAN NOT BE JUDGED For a one—contact input touch sensor 
used with the tool compensation amount measurement value 
direct input B function, stored pulse directions are not unified. 
- The machine is at a stop in the offset write mode. 
- The servo power is off. 
- Pulse directions are diverse. 





Alternatively, the tool is moving along 
two axes (X—axis and Z—axis) simultaneously. 


5196 ILLEGAL AXIS OPERATION During HPCC or during the execution of a 5-axis-related 
function, an unavailable function was used. 


machine to reference position by manual operation and execute 
manual reference return. 


5257 G41/G42 NOT ALLOWED IN MDI Cutter compensation or tool nose radius compensation was 
MODE specified in MDI mode. (Depending on the setting of the 
parameter MCR (No. 5008#4)) 
5303 TOUCH PANEL ERROR The touch panel is not connected correctly, or the touch panel 
cannot be initialized when the power is turned on. Correct the 


cause then turn on the power again. 


5220 REFERENCE POINT ADJUSTMENT In case of distance coded linear scale I/F, the reference point 
MODE auto setting parameter (No.1819#2) is set to "1". Move the 
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5305 ILLEGAL SPINDLE NUMBER In a spindle select function by address P for a multiple spindle 
control, 


1) Address P is not specified. 

2) Parameter No.3781 is not specified to the spindle to be 
selected. 

3) An illegal G code which cannot be commanded with an 
S_P_; command is specified. 

4) A multi spindle cannot be used because the parameter EMS 
(No. 3702#1) is 1. 

5312 ILLEGAL COMMAND IN G10 One of formats in G10L75, G10L76, or G10L77 to G11 
L75/76/77 commands is in error, or the command value is out of data 


range. Modify the program. 


Modify the program or register the tool. 

5317 ALL TOOL LIFE IS OVER The lives of all tools with the specified tool-type number have 
expired. 
Replace the tool. 


5320 DIA./RAD. MODE CAN’T BE In any of the following states, diameter/radius specification was 
SWITCHED . switched: 
1) When a buffered program is being executed 


2) When a movement is being made on the axis 


BLOCK during canned cycle mode. 
5360 TOOL INTERFERENCE CHECK This alarm is issued when interference with another tool is 
ERROR caused by a data modification based on G10 data input or file 
reading or when an attempt is made to modify the tool figure 
data of a tool registered in the cartridge. 


5361 ILLEGAL MAGAZINE DATA Tools stored in the cartridge are interfering with each other. 
Reregister the tools in the cartridge, or modify the tool 
management data or tool figure data. If this alarm is issued, no 
tool interference check is made when tools are registered in the 


cartridge management table. Moreover, empty pot search 
operation does not operate normally. If this alarm is issued, the 
power must be turned off before operation is continued. 

5406 G41.3/G40 FORMAT ERROR (1) The G41.3 or G40 block contains a move command. 
(2) The G41.3 block contains a G or M code that suppresses 


buffering. 


5407 ILLEGAL COMMAND IN G41.3 (1) In the G41.3 mode, a G code of group 01 other than GOO 
and G01 is specified. 
(2) In the G41.3 mode, an offset command (a G code of group 
07) is specified. 
(3) The block next to G41.3 (startup) specifies no movement. 
5408 G41.3 ILLEGAL START_UP (1) In a mode of group 01 other than GOO and G01, G41.3 
(startup) is specified. 


(2) The included angle between the tool vector and move vector 
is O or 180 degrees at the time of startup. 


5420 ILLEGAL PARAMETER IN A parameter related to tool center point control is illegal. 
G43.4/G43.5 
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5421 ILLEGAL COMMAND IN G43.4/G43.5_ | An illegal command was specified in tool center point control. 

- A rotation axis command was specified in tool center point 
control (type 2) mode. 

- With a table rotary type or mixed-type machine, a I,J,K 
command was specified in the tool center point control (type 
2) command (G43.5) block. 

- Acommand that does not move the tool center point (only a 
rotation axis is moved) was specified for the workpiece in the 
G02 mode. 

- G43.4 or G43.5 was specified in the tool center point control 
mode. 

- When the workpiece coordinate system is set as the 
programming coordinate system (bit 5 (WKP) of parameter 
No. 19696 is 1), GO2 or G03 was specified while the rotation 
axis was not perpendicular to the plane. 

EXCESS VELOCITY IN G43.4/G43.5 An attempt was made to make a movement at an axis feedrate 
exceeding the maximum cutting feedrate by tool center point 
control. 

5425 

5430 ILLEGAL COMMAND IN 3-D CIR In a modal state in which three-dimensional circular interpolation 

cannot be specified, a three-dimensional circular interpolation 

(G02.4/G03.4) is specified. Alternatively, in three-dimensional 

circular interpolation mode, a code that cannot be specified is 

specified. 

5432 G02.4/G03.4 FORMAT ERROR A three-dimensional circular interpolation command 
(G02.4/G03.4) is incorrect. 

MANUAL INTERVENTION IN In three-dimensional circular interpolation mode (G02.4/G03.4), 

G02.4/G03.4 (ABS ON) manual intervention was made when the manual absolute switch 
was on. 


(Set value is out of range.) 
ROTARY AXIS(TLAC) (axis of rotation setting) 
MASTER ROTARY AXIS(TLAC) (master axis of rotation setting) 

5445 CAN NOT COMMAND MOTION IN Corner circular interpolation (G39) of cutter compensation or 

G39 tool nose radius compensation is not specified alone but is 
specified with a move command. 

NO AVOIDANCE AT G41/G42 Because there is no interference evade vector, the interference 
check evade function of cutter compensation or tool nose radius 
compensation cannot evade interference. 

DANGEROUS AVOIDANCE AT The interference check evade function of cutter compensation 

G41/G42 or tool nose radius compensation determines that an evade 
operation will lead to danger. 

INTERFERENCE TO AVD. AT In the interference check evade function of cutter compensation 

G41/G42 or tool nose radius compensation, a further interference occurs 
for an already created interference evade vector. 

TOO MANY G68.2 NESTING Tilted working plane command G68.2 was specified more than 
once. 

To perform another coordinate conversion, perform cancellation, 
then specify the coordinate conversion. 


5457 G68.2 FORMAT ERROR A G68.2 format error occurred. 


5458 ILLEGAL USE OF G53.1 G53.1 was specified before the G68.2 command. 
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5459 MACHINE PARAMETER INCORRECT | - A machine configuration parameter (parameter No. 19665 to 
No.19667 or 19680 to 19714 or No.12321) is illegal. 

- The axis which is specified in parameter No.19681 or 
No.19686 is not a rotation axis. 

- The basic three axes are not specified in the parameter 
No.1022. 

- In tool center point control (type 2) or cutter compensation 
for 5-axis machining (type 2) or tilted working plane 
command, the end point of rotation axis can not exist within 
the region specified by parameters No.19741 to No.19744. 

- In tool center point control (type 2) or cutter compensation 
for 5-axis machining (type 2), the end point of rotation axis 
can not exist. Check the machine configuration and the 
program. 

- Tool center point control (type 2) or cutter compensation for 
5-axis machining (type 2) is specified when hypothetical axis 
is used. 

- Tool center point control (type 2) or cutter compensation for 
5-axis machining (type 2) is specified when the programming 
coordinate system is the workpiece coordinate system. 
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5460 ILLEGAL USE OF TRC FOR 5-AXIS - In the cutter compensation mode for 5-axis machining (except 
MACHINE the tool side offset function for a tool rotation type machine), a 
move command other than G00/G01 is specified. 
With a table rotation type machine, when bit 1 (PTD) of 
parameter No. 19746 is set to 1, a plane selection is made 
with an axis other than the basic three axes at the start of 
cutter compensation for 5-axis machining. 
When bit 1 (SPG) of parameter No. 19607 is set to 1, there is 
a discrepancy between the machine type set in parameter No. 
19680 and a G code specifying cutter compensation for 5-axis 
machining (G41.2, G42.2, G41.4, G42.4, G41.5, or G42.5). 
With a machine that is not of the tool rotation type, G41.3 is 
specified. 
When bit 5 (WKP) of parameter No. 19696 is set to 0, and bit 4 
(TBP) of parameter No. 19746 is set to 0, cutter compensation 
for 5-axis machining and tool center point control for 5-axis 
machining are used at the same time. 
A rotation axis command is specified in the cutter 
compensation (type 2) mode for 5-axis machining. 
With a table rotation type or mixed type machine, IJK is 
specified in a block that specifies cutter compensation (type 2) 
for 5-axis machining (G41.6/G42.6). 
An illegal G code is specified in the cutter compensation mode 
for 5-axis machining. 
When cutter compensation for 5-axis machining is specified, 
the modal state is illegal. 
When the table coordinate system is set as the programming 
coordinate system, table rotation then cutter compensation for 
5-axis machining are specified after the start of tool center 
point control for 5-axis machining. 
There is a difference in type1/type 2 specification between 
cutter compensation for 5-axis machining and tool center point 
control for 5-axis machining. 
When cutter compensation for 5-axis machining and tool 
center point control for 5-axis machining are used at the same 
time, one of these functions that is specified earlier than the 
other is canceled earlier. 
5461 ILLEGAL USE OF A move command other than GOO or GO1 was performed during 
G41.2/G42.2/G41.5/G42.5 cutter compensation for 5-axis machining in a mixed-type 
machine. 
5463 ILLEGAL PARAMETER IN TRC FOR A parameter related to cutter compensation for 5-axis machining 
5-AXIS MACHINE is illegal. 
- Acceleration/deceleration before interpolation is disabled. Set 
parameter No. 1660. 
- Rapid traverse acceleration/deceleration before interpolation is 
disabled. Set bit 1 (LRP) of parameter No. 1401, bit 5 (FRP) of 
parameter No. 19501, and parameter Nos. No.1671 and 1672. 





(4) Parameter writing alarm (SW alarm) 


| Number | Message | Ci escription 


SwW0100 |} PARAMETER ENABLE SWITCH ON The parameter setting is enabled (PWE, one bit of parameter 


No. 8000 is set to “1”). 
To set the parameter, turn this parameter ON. Otherwise, set 
to OFF. 
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Number SYNC ALIGNMENT ERROR In feed axis synchronization control, the amount of 
compensation for synchronization exceeded the parameter 
(No. 8325) setting value. 
This alarm occurs only for a slave axis. 


SV0002 SYNC EXCESS ERROR ALARM 2 In feed axis synchronization control, the amount of 
synchronization error exceeded the parameter (No. 8332) 
setting value. When the synchronization is not completed 
after power-up, the determination is made by the parameter 


value (No. 8332) multiplied by the parameter (No. 8330) 
multiplier. 
This alarm occurs only for a slave axis only. 


SV0003 SYNCHRONOUS/COMPOSITE/SUPERI Since as axis in synchronization, composition, or 
MPOSED CONTROL MODE CAN'T BE superposition mode caused a servo alarm, the mode could 
CONTINUED not be continued, If one of the axes in a mode causes a 


servo alarm, all axes relating to the axis enter the servo-off 
state. This alarm is generated to enable the cause of the 
servo-off state to be checked. 


SV0004 EXCESS ERROR (G31) The amount of positional deviation during torque limit skip 
command operation exceeded the limit value of the 


parameter No.6287. 


$V0005 SYNC EXCESS ERROR (MCN) In feed axis synchronization control, for synchronization, the 
difference value of the machine coordinate between a master 
and slave axes exceeded the parameter (No. 8314) setting 


value. 
This alarm occurs for a master or slave axis. 


SV0301 APC ALARM: COMMUNICATION Since the absolute-position detector caused a 
ERROR communication error, the correct machine position could not 
be obtained. (data transfer error) 


The absolute-position detector, cable, or servo interface 
module is thought to be defective. 


$V0302 APC ALARM: OVER TIME ERROR Since the absolute-position detector caused an overtime 
error, the correct machine position could not be obtained. 
(data transfer error) 


The absolute-position detector, cable, or servo interface 
module is thought to be defective. 


$V0303 APC ALARM: FRAMING ERROR Since the absolute-position detector caused a framing error, 
the correct machine position could not be obtained. (data 
transfer error) 
The absolute-position detector, cable, or servo interface 


module is thought to be defective. 


$SV0304 APC ALARM: PARITY ERROR Since the absolute-position detector caused a parity error, 
the correct machine position could not be obtained. (data 
transfer error) 
The absolute-position detector, cable, or servo interface 


module is thought to be defective. 
$V0305 APC ALARM: PULSE ERROR Since the absolute-position detector caused a pulse error, 
the correct machine position could not be obtained. 
The absolute-position detector, or cable is thought to be 
defective. 
APC ALARM: OVER FLOW ERROR Since the amount of positional deviation overflowed, the 


correct machine position could not be obtained. 
Check to see the parameter No. 2084 or No. 2085. 
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SV0307 APC ALARM: MOVEMENT EXCESS Since the machine moved excessively, the correct machine 
ERROR position could not be obtained. 


SV0360 ABNORMAL CHECKSUM(INT The checksum alarm occurred on the built-in Pulsecoder. 


) 
SV0361 ABNORMAL PHASE DATA(INT) The phase data abnormal alarm occurred on the built-in 
Pulsecoder. 


SV0362 ABNORMAL REV. DATA(INT) The speed count abnormal alarm occurred on the built-in 
Pulsecoder. 
SV0363 ABNORMAL CLOCK(INT) The clock alarm occurred on the built-in Pulsecoder. 


SV0364 A digital servo soft detected an abnormality on the built in 
Pulsecoder. 

SV0365 The digital servo software detected abnormal data on the 
built-in Pulsecoder. 


) 
SV0366 PULSE MISS(INT) A pulse error occurred on the built-in Pulsecoder. 
SV0367 COUNT MISS(INT) A count error occurred on the built-in Pulsecoder. 


) 
SV0368 SERIAL DATA ERROR(INT) The communications data could not be received from the 
built-in Pulsecoder. 
) 


SV0369 DATA TRANS. ERROR(INT A CRC error or stop bit error occurred in the communications 
data from the built-in Pulsecoder. 








SV0380 BROKEN LED(EXT) Separate detector error 
$V0381 ABNORMAL PHASE (EXT) An abnormal alarm in the position data occurred on the 
separate linear scale. 


$V0382 A count error occurred on the separate detector. 

$V0383 A pulse error occurred on the separate detector. 

SV0384 SOFT PHASE ALARM(EXT) The digital servo software detected abnormal data on the 

separate detector. 

$V0385 SERIAL DATA ERROR(EXT) The communications data could not be received from the 
separate detector. 


SV0386 DATA TRANS. ERROR(EXT) A CRC error or stop bit error occurred in the communications 
data from the standalone detector. 
) 





SV0387 An abnormality occurred on a separate detector. For more 
information, contact the scale manufacturer. 

Sv0401 Although the ready signal (PRDY) of the position control was 
ON, the ready signal (VRDY) of the velocity control was OFF. 

svo404 Although the ready signal (PRDY) of the position control was 
OFF, the ready signal (VRDY) of the velocity control was ON. 

SV0407 EXCESS ERROR The difference value of the amount of positional deviation for 
the synchronization axis exceeded the setting value. (during 
synchronization control only) 


SV0409 DETECT ABNORMAL TORQUE An abnormal load was detected on the servo motor, or during 
Cs axis or spindle positioning. 

The alarm can be canceled by RESET. 

SV0410 EXCESS ERROR (STOP) The amount of positional deviation during stopping exceeded 
the parameter (No. 1829) setting value. 

In a dual check safety function, an alarm occurs during safety 
monitoring (when the safety monitoring start signal SEV or 
SEP is 1), but the alarm cannot be canceled by a reset. 
SV0411 EXCESS ERROR (MOVING) The amount of positional deviation during traveling became 
excessive than the parameter setting value. (Generally, in the 
parameter No.1828, the dual check safety function during 
safety monitoring (when he safety monitoring start signal 
SEV or SEP is 1) is the parameter No. 1838.) 

In a dual check safety function, an alarm occurs during safety 
monitoring, but the alarm cannot be canceled by a reset. 


SV0413 LSI OVERFLOW The counter for the amount of positional deviation overflowed 
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$V0415 MOTION VALUE OVERFLOW The velocity exceeding the travel velocity limit was 
commanded. 


SV0420 SYNC TORQUE EXCESS In feed axis synchronization control, for synchronization, the 
difference value of torque between a master and slave axes 
exceeded the parameter (No. 2031) setting value. 

This alarm occurs for a master axis. 


$V0421 EXCESS ERROR(SEMI-FULL) The difference between the feedback from the semi and full 
sides exceeded the setting of parameter No.1729. 


SV0422 EXCESS VELOCITY IN TORQUE In torque control, the commanded permissible velocity was 
exceeded. 


$V0423 EXCESS ERROR IN TORQUE In torque control, the total permissible move value specified 
as a parameter was exceeded. 


SV0430 SV MOTOR OVERHEAT The servo motor has overheated. 


$V0431 CNV. OVERLOAD PSM : Overheat 
B series SVU : Overheat 


$V0432 CNV. LOW VOLT CONTROL PSM : The control power supply voltage has dropped. 
PSMR : The control power supply voltage has dropped. 
B series SVU: The control power supply voltage has 

dropped. 

$V0433 CNV. LOW VOLT DC LINK PSM : Low DC link voltage 
PSMR : Low DC link voltage 
a series SVU : Low DC link voltage 
B series SVU : Low DC link voltage 








$V0434 INV. LOW VOLT CONTROL SVM : Low control power voltage 

SV0435 INV. LOW VOLT DC LINK SVM : Low DC link voltage 

SV0436 SOFTTHERMAL(OVC) The digital servo software detected a software thermal 
(OVC). 


SV0437 CNV. OVERCURRENT POWER PSM : Overcurrent on input circuit section. 


SV0438 INV. ABNORMAL CURRENT SVM : Motor overcurrent 
a series SVU : Motor overcurrent 
B series SVU : Motor overcurrent 
$V0439 CNV. OVER VOLT DC LINK PSM: The DC link voltage is too high. 
PSMR : The DC link voltage is too high. 
B series SVU : The DC link voltage is too high. 


$V0440 CNV. EX DECELERATION POW. PSMR : Excessive generative discharge 
a series SVU: Excessive generative discharge, or abnormal 


error in generative power circuit 


motor current detection circuit. 
PSM: The spare charge circuit for the DC link is abnormal. 
PSMR : The spare charge circuit for the DC link is abnormal. 
$V0443 CNV. COOLING FAN FAILURE PSM: Internal cooling fan failure. 
PSMR: Internal cooling fan failure. 
B series SVU : Internal cooling fan failure. 


SV0444 INV. COOLING FAN FAILURE SVM : Internal cooling fan failure. 


$V0445 SOFT DISCONNECT ALARM The digital servo software detected a disconnected 
Pulsecoder. 


UNMATCHED FEEDBACK ALARM The sign of the feedback signal from the standalone detector 
is opposite to that from the feedback signal from the built—on 
Pulsecoder. 
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[| Number | Message | iescription 
SV0449 INV. IPM ALARM SVM : The IPM (Intelligent Power Module) detected an 
alarm. 
a series SVU: The IPM (Intelligent Power Module) detected 
an alarm. 


SV0453 SPC SOFT DISCONNECT ALARM Software disconnection alarm of the a Pulsecoder. 
Turn off the power to the CNC, then remove and insert the 
Pulsecoder cable. If this alarm is issued again, replace the 
Pulsecoder. 


SV0454 | ILLEGAL ROTOR POS DETECT HGR REAR TLELK. 
E-SRHANT. BMGMERHOHRELA TLE. 


SV0456 ILLEGAL CURRENT LOOP An attempt was made to set the current loop that could not 
be set. 
The amplifier pulse module in use does not comply with 
HIGH SPEED HRV. Or, requirements to control are not 
satisfied in the system. 


SV0458 CURRENT LOOP ERROR The specified current loop differs from the actual current 
loop. 


SV0459 HI HRV SETTING ERROR For two axes whose servo axis numbers (parameter No. 
1023) are consecutively even and odd numbers, HIGH 
SPEED HRV control is possible for one axis and impossible 
for the other. 

SV0460 FSSB DISCONNECT The FSSB connection was discontinued. 
Probable causes are: 
1. The FSSB connection cable was disconnected or broken. 
2. The amplifier was turned off . 
3. In the amplifier, the low-voltage alarm occurred. 


because of the FSSB communication error. 
because of the FSSB communication error. 
power-on. 


SV0466 MOTOR/AMP. COMBINATION The maximum current of an amplifier is different to that of a 
motor. 
Probable causes are: 
1. The connection command for an amplifier is incorrect. 


2. The parameter (No.2165) setting is incorrect 


SV0468 HI HRV SETTING ERROR(AMP) An attempt was made to set up HIGH SPEED HRV control 
for use when the controlled axis of an amplifier for which 


HIGH SPEED HRV control could not be used. 


6B SVU : DC link overcurrent. 
SVM : Radiator cooling fan failure. 
6 SVU : Radiator cooling fan failure. 
INV. OVERHEAT 
SV0603 INV. IPM ALARM(OR) SVM: The IPM (Intelligent Power Module) detected an 
overheat alarm. 
B SVU: The IPM (Intelligent Power Module) detected an 
overheat alarm. 


SV0604 AMP. COMMUNICATION ERROR The communication between SVM and PSM is in error. 
SV0605 CNV. EX. DISCHARGE POW. PSMR : The motor regenerative power is too much. 


SV0606 CNV. RADIATOR FAN FAILURE PSM : External radiator cooling fan failure. 
PSMR : External radiator cooling fan failure. 
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[| Number | Message | Ci esecription 
SV0607 CNV. SINGLE PHASE FAILURE PSM : The input power supply has a missing phase. 


PSMR : The input power supply has a missing phase. 


$V1025 V_READY ON (INITIALIZING ) The ready signal (VRDY) of the velocity control which should 
be OFF is ON while the servo control is ON. 


$V1026 ILLEGAL AXIS ARRANGE The parameter for servo axis arrange is not set correctly. 
A negative value, duplicate value, or greater value than the 


number of control axes was set to the parameter No. 1023 
"The servo axis number of each axis." 


$V1055 ILLEGAL TANDEM AXIS In tandem control, the setting of the parameter No. 1023 is 
incorrect. 


SV1056 ILLEGAL TANDEM PAIR In tandem control, the setting of the parameter No. 1020, No. 
1025, No. 1026 or TDM (No.1817#6) is incorrect. 

SV1067 FSSB:CONFIGURATION ERROR(SOFT) | An FSSB configuration error occurred (detected by software). 
The connected amplifier type is incompatible with the FSSB 
setting value. 


a maximum value of 32767. 
sate. The axis card is thought to be defective. 
$V5136 FSSB:NUMBER OF AMP. IS The number of amplifier identified by the FSSB is insufficient 
INSUFFICIENT than the number of control axes. Or, the setting of the 
number of axes or the amplifier connection is in error. 


SV5137 FSSB:CONFIGURATION ERROR An FSSB configuration error occurred. 
The connecting amplifier type is incompatible with the FSSB 
setting value. 

$V5139 FSSB:ERROR Servo initialization has not completed successfully. It is 
probable that an optical cable failed or a connection between 
the amplifier and another module failed. 

SV5197 FSSB:OPEN TIME OUT The initialization of the FSSB was completed, but it could not 
be opened. Or, the connection between the CNC and the 
amplifier in is incorrect. 


SV5197 FSSB:OPEN TIME OUT The FSSB could not be opened although the CNC permitted 
the opening of the FSSB. 


Check the connection between the CNC and the amplifier. 


SV5311 FSSB:ILLEGAL CONNECTION 1. This alarm is issued if axes, whose servo axis numbers 
(parameter No. 1023) are even and odd numbers, are 
allocated to the amplifiers connected to the FSSBs of 
different paths. 

. This alarm is issued if an attempt is made to set up for 
use of the pulse modules connected to the FSSBs of 





different paths. And the system did not satisfy the 





requirements for performing HIGH SPEED HRV control. 


- 1626 - 


B-63944EN/02 APPENDIX G.ALARM LIST 


(6) Overtravel alarms (OT alarm) 


| Number | Message Description 
OT0500 + OVERTRAVEL ( SOFT 1 ) Exceeded the positive side stored stroke check 1. 
OT0501 - OVERTRAVEL ( SOFT 1 ) Exceeded the negative side stored stroke check 1. 


OT0502 + OVERTRAVEL ( SOFT 2 ) Exceeded the positive side stored stroke check 2. Or, in the 
chuck tail stock barrier, an entry to the inhibited area was 
made during movement in the positive direction. 

OT0503 - OVERTRAVEL ( SOFT 2 ) Exceeded the negative side stored stroke check 2. Or, in the 
chuck tail stock barrier, an entry to the inhibited area was 
made during movement in the negative direction. 


OT0504 + OVERTRAVEL (SOFT 3 ) Exceeded the positive side stored stroke check 3. 
OT0505 - OVERTRAVEL ( SOFT 3 ) Exceeded the - side stored stroke check 3. 


OT0506 + OVERTRAVEL ( HARD ) The stroke limit switch in the positive direction was triggered. 
This alarm is generated when the machine reaches the 
stroke end. 

When this alarm is not generated, feed of all axes is stopped 
during automatic operation. 
During manual operation, only the feed of the axis on which 


the alarm occurred is stopped. 


OT0507 - OVERTRAVEL ( HARD ) The stroke limit switch in the negative direction was 
triggered. 
This alarm is generated when the machine reaches the 
stroke end. 
When this alarm is not generated, feed of all axes is stopped 
during automatic operation. 
During manual operation, only the feed of the axis on which 


the alarm occurred is stopped. 


fouled another tool post. 
fouled another tool post. 
the stroke check before movement. 
The tool exceeded the limit in the positive direction during the 
stroke check before movement. 


OT1710 ILLEGAL ACC. PARAMETER The permissible acceleration parameter for the optimum 
(OPTIMUM TORQUE ACC/DEC) torque acceleration/deceleration is in error. A possible cause 
is either of the following: 
(1) The ratio of a negative acceleration to a positive 


acceleration is not more than the limit value. 
(2) The time to reduce to a velocity of 0 exceeded the 
maximum time. 
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(7) Memory file alarms (IO alarm) 


[| Number | Message | Ci scription 
error occurred in the resident—type file system. 
CNC file system. 


incorrect. 
storage memory range. 
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G.ALARM LIST 


(8) Alarms requiring power to be turned off (PW alarm) 





Number 


Message 


Description 





PW0000 


POWER MUST BE OFF 


A parameter was set for which the power must be turned 
OFF then ON again. 





Pwo001 


X-ADDRESS(*DEC) IS NOT ASSIGNED. 


The X address of the PMC could not be assigned correctly. 

This alarm may occur in the following case: 

- During the setting of parameter No. 3013, the X address 
could not be assigned correctly for the deceleration dog 
(*DEC) for a return to the reference position. 





PWo0002 


PMC address is not correct(AXIS). 


The address to assign the axis signal is incorrect. 
This alarm may occur in the following case: 
- The parameter No.3021 setting is incorrect. 





PW0003 


PMC address is not correct(SPINDLE). 


The address to assign the spindle signal is incorrect. 
This alarm may occur in the following case: 
- The parameter No.3022 setting is incorrect. 





PW0004 


SETTING THE LOADER SYSTEM PATH 
IS NOT CORRECT. 


The loader system could not be assigned correctly. 

The parameter No. 984 setting is incorrect. 

- The number of loader systems and the number of systems 
specified to the loader system in the parameter No. 
984#0(LCP) does not match. 

- The parameter No. 984#0 of the system 1 is set to 1. 





PW0006 


PW0007 


POWER MUST BE OFF (ILL-EXEC-CHK) 


X-ADDRESS(SKIP) IS NOT ASSIGNED 


The malfunction prevention function detected an alarm to 
require the power off. 


The X address of PMC could not be assigned correctly. 

Possible causes are: 

- During the set of parameter No. 3012, the skip signal of the 
X address was not assigned correctly. 

- During the set of parameter No. 3019, the address other 
than the skip signal of the X address was not assigned 
correctly. 





PW1102 


ILLEGAL PARAMETER (I-COMP.) 


The parameter for setting slope compensation is incorrect. 

This alarm occurs in the following cases: 

- When the number of pitch error compensation points on the 
axis on which slope compensation is executed exceeds 
128 between the most negative side and most positive side 

- When the size relationship between the slope 
compensation point Nos. is incorrect 

- When the slope compensation point is not located between 
the most negative side and most positive side of pitch error 
compensation 

- When the compensation per compensation point is too 
small or too great. 





PW1103 


ILLEGAL PARAMETER (S-COMP.128) 


The parameter for setting 128 straightness compensation 
points or the parameter compensation data is incorrect, 





PW5046 








ILLEGAL PARAMETER (S-COMP.) 





The parameter for setting straightness compensation is 
incorrect. 
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(9) Spindle alarms (SP alarm) 
[| Number | Message | Cescription 


the set value during rigid tapping. 
the set value during rigid tapping. 
tapping. 


SP0752 SPINDLE MODE CHANGE ERROR This alarm is generated if the system does not properly 
terminate a mode change. The modes include the Cs contour 
control, spindle positioning, rigid tapping, and spindle control 


modes. The alarm is activated if the spindle control unit does 
not respond correctly to the mode change command issued 
by the NC. 


The alarm can be canceled by RESET. 
spindle was not executed. 


SP0756 ILLEGAL AXIS DATA The CNC CPU detected that the connection state and the 
hardware setting of the spindle amplifier were incompatible 
on the n-th spindle. If an alarm occurs because of the 


configuration change of the spindle amplifier , set the spindle 
amplifier correctly. 


SP0757 SAFETY SPEED OVER The CNC CPU detected that during safety monitoring (the 
safety monitoring start signal SEV or SEP is 0), the spindle 
motor speed was greater than the safety speed (parameter 


No. 4372, 4438, 4440, or 4442) on the n-th spindle. Operate 
within the safety speed. 

SP1202 SPINDLE SELECT ERROR In a multi spindle control, the spindle number other than the 
valid spindle number was selected by a position coder select 
signal. An attempt was made to select the spindle number of 
the system having no valid spindle. 


The amount of distribution to a spindle is too much. 
OVERFLOW (specific to the FANUC ROBODRILL) 
SP1211 TOOL CHANGE SP ORTN EXCESS During a tool change, a too much orientation error was 
ERROR detected for the spindle. 


(specific to the FANUC ROBODRILL) 
SP1212 TOOL CHANGE SP MOVE EXCESS During a tool change, a too much moving error was detected 
ERROR for the spindle. 
(specific to the FANUC ROBODRILL) 
SP1213 TOOL CHANGE SP STOP EXCESS During a tool change, a too much stop error was detected for 
ERROR the spindle. 
(specific to the FANUC ROBODRILL) 


SP1214 TOOL CHANGE SP ILLEGAL During changing tools, an abnormal spindle sequence was 
SEQUENCE detected. 


(specific to the FANUC ROBODRILL) 


SP1220 NO SPINDLE AMP. Either the cable connected to a serial spindle amplifier is 
broken, or the serial spindle amplifier is not connected. 
SP1221 ILLEGAL MOTOR NUMBER The spindle No. and the motor No. are incorrectly matched. 


SP1224 ILLEGAL SPINDLE-POSITION CODER The spindle—position coder gear ratio was incorrect. 
GEAR RATIO 


SP1225 CRC ERROR (SERIAL SPINDLE) A CRC error (communications error) occurred in 
communications between the CNC and the serial spindle 


amplifier. 
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[| Number | Message | scription 
SP1226 | FRAMING ERROR (SERIAL SPINDLE) A framing error occurred in communications between the 
CNC and the serial spindle amplifier. 


A receive error occurred in communications between the 
CNC and the serial spindle amplifier. 
A communications error occurred between the CNC and the 
SPINDLE) serial spindle amplifier. 
A communications error occurred between serial spindle 
SPINDLE AMP. amplifiers (motor Nos. 1 and 2, or motor Nos. 3-4). 


SP1231 | SPINDLE EXCESS ERROR (MOVING) The position deviation during spindle rotation was greater 
than the value set in parameters. 


The position deviation during spindle stop was greater than 
the value set in parameters. 

The error counter/speed instruction value of the position 
coder overflowed. 


SP1234 | GRID SHIFT OVERFLOW Grid shift overflowed. 
SP1240 | DISCONNECT POSITION CODER The analog spindle position coder is broken. 


SP1241 | D/A CONVERTER ERROR The D/A converter for controlling analog spindles is 
erroneous. 


SP1243 | ILLEGAL SPINDLE PARAMETER The setting for the spindle position gain is incorrect. 
SETTING(GAIN) 
The amount of distribution to a spindle is too much 
SP1245 | COMMUNICATION DATA ERROR A communication data error was detected on the CNC. 
A communication data error was detected on the CNC. 
A communication data error was detected on the CNC. 
An error occurred in the spindle control software. 
SP1970 | SPINDLE CONTROL ERROR Initialization of spindle control ended in error. 
An error occurred in the spindle control software. 
An error occurred in the spindle control software. 
An error occurred in the spindle control software. 
An position coder error was detected on the analog spindle. 


The amplifier No. could not be set to the serial spindle 
ERROR amplifier. 
An error occurred in the spindle control software. 
ERROR 
A time-out was detected during communications with the 
ERROR serial spindle amplifier. 
The communications sequence was no longer correct during 
ERROR communications with the serial spindle amplifier. 
Defective SIC—LSI on serial spindle amplifier 
An error occurred during reading of the data from SIC—LSI on 
the analog spindle amplifier side. 
An error occurred during reading of the data from SIC—LSI on 
the serial spindle amplifier side. 


SP1983 | SERIAL SPINDLE AMP. ERROR Could not clear on the spindle amplifier side. 


SP1984 | SERIAL SPINDLE AMP. ERROR An error occurred during re—initialization of the spindle 
amplifier. 


Failed to automatically set parameters 

An error occurred in the spindle control software. 
Defective SIC-LSI on the CNC 

An error occurred in the spindle control software. 
An error occurred in the spindle control software. 
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| Number | Message | Cescription 


SP1996 | ILLEGAL SPINDLE PARAMETER The spindle was assigned incorrectly. Check to see the 
SETTING following parameter. (No.3716 or 3717) 


SP1998 | SPINDLE CONTROL ERROR An error occurred in the spindle control software. 





SP1999_ | SPINDLE CONTROL ERROR An error occurred in the spindle control software. 
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(10) alarm list (serial spindle) 


When a serial spindle alarm occurs, the following number is displayed 
on the CNC. 


NOTE 

* Note that the meanings of the SPM indications 
differ depending on which LED, the red or yellow 
LED, is on. When the red LED is on, the SPM 
indicates a 2-digit alarm number. When the yellow 
LED is on, the SPM indicates an error number that 
designates a sequence problem (for example, 
when a rotation command is entered with the 
emergency stop state not released). 
See "Error Codes (Serial Spindle)." 


Message SPM Faulty location and remedy Description 
indication 
(*1) 


SP9001 SSPA:01 MOTOR 1 Check and correct the The thermostat embedded in the motor 
OVERHEAT peripheral temperature and winding operated. 
load status. The internal temperature of the motor 
2 If the cooling fan stops, exceeds the specified level. 
replace it. The motor is used in excess of the 
continuous rating, or the cooling 
component is abnormal. 


SP9002 SSPA:02 EX 02 1 Check and correct the The motor speed cannot follow a 
DEVIATION SPEED cutting conditions to specified speed. 
decrease the load. An excessive motor load torque is 
2 Correct parameter No. 4082. | detected. 


The acceleration/deceleration time in 
parameter No. 4082 is insufficient. 


SP9003 SSPA:03 DC-LINK 03 1 Replace the SPM unit. The PSM becomes ready (00 is 
FUSE IS BROKEN 2 Check the motor insulation indicated), but the DC link voltage is 
status. too low in the SPM. 
3 Replace the interface cable. | The fuse in the DC link section in the 

SPM is blown. (The power device is 
damaged or the motor is 
ground-fault.) 
The JX1A/JX1B connection cable is 


abnormal. 


1 Check and correct the The temperature sensor of the motor 


SUPPLY ERROR power supply to the PSM. supply phase. (PSM alarm 5) 
SP9006 | THERMAL SENSOR 
DISCONNECT parameter. is disconnected. 
2 Replace the feedback cable. 


SP9007 SSPA:07 OVER 07 Check for a sequence error. The motor speed has exceeded 
SPEED (For example, check whether 115% of its rated speed. When the 
spindle synchronization was spindle axis was in position control 
specified when the spindle mode, positional deviations were 


could not be turned.) accumulated excessively (SFR and 
SRV were turned off during spindle 
synchronization.) 
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SP9009 


SP9011 


SP9012 


SP9013 


SP9015 


SP9024 


Message SPM 


indication 


(*1) 
SSPA:09 
OVERHEAT MAIN 
CIRCUIT 


SSPA:11 
OVERVOLT POWER 
CIRCUIT 


SSPA:12 
OVERCURRENT 
POWER CIRCUIT 


SSPA:13 CPU DATA 
MEMORY FAULT 


SSPA:15 SPINDLE 
SWITCHING FAULT 


SSPA:16 RAM 
ERROR 


SSPA:18 
SUMCHECK 
ERROR PROGRAM 
ROM 

SSPA:19 EXCESS 
OFFSET CURRENT 
U 


SSPA:20 EXCESS 
OFFSET CURRENT 
Vv 


POS SENSOR 
POLARITY ERROR 


SSPA:24 SERIAL 
TRANSFER ERROR 


APPENDIX 


Faulty location and remedy 


1 Improve the heat sink 
cooling status. 

2 If the heat sink cooling fan 
stops, replace the SPM 
unit. 

1 Check the selected PSM. 

2 Check the input power 
voltage and change in power 
during motor deceleration. 
If the voltage exceeds 253 
VAC (for the 200-V system) 
or 530 VAC (for the 400-V 
system), improve the power 
supply impedance. 

1 Check the motor insulation 
status. 

2 Check the spindle 
parameters. 

3 Replace the SPM unit. 

Replace the SPM control 

printed circuit board. 


1 Check and correct the 
ladder sequence. 
2 Replace the switching MC. 


Replace the SPM control 
printed circuit board. 


Replace the SPM control 
printed circuit board. 


Replace the SPM unit. 


Replace the SPM unit. 


Check and correct the 

parameters. 

(No. 4000#0, 4001#4) 

1 Place the CNC-to-spindle 
cable away from the power 
cable. 

2 Replace the cable. 
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Description 


Abnormal temperature rise of the 
power transistor radiator 


Overvoltage of the DC link section of 
the PSM was detected. (PSM alarm 
indication: 7) 

PSM selection error. (The maximum 
output specification of the PSM is 
exceeded.) 


The motor output current is 
abnormally high. 

A motor-specific parameter does not 
match the motor model. 

Poor motor insulation 

Abnormality in an SPM control circuit 
component is detected. (RAM within 
the SPM is abnormal.) 

The switch sequence in spindle 
switch/output switch operation is 
abnormal. 

The switching MC contact status 
check signal and command do not 
match. 

Abnormality in an SPM control circuit 
component is detected. (RAM for 
external data is abnormal.) 
Abnormality in an SPM control circuit 
component is detected. (Program 
ROM data is abnormal.) 


Abnormality in an SPM component is 
detected. (The initial value for the U 
phase current detection circuit is 
abnormal.) 

Abnormality in an SPM component is 
detected. (The initial value of the V 
phase current detection circuit is 
abnormal.) 

The polarity parameter setting of the 
position sensor is wrong. 


The CNC power is turned off (normal 
power-off or broken cable). 

An error is detected in 
communication data transferred to 
the CNC. 
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SP9027 


SP9029 


SP9030 
SP9031 


SP9032 


SP9033 
SP9034 


SP9036 
SP9037 


Message SPM 


indication 


(*1) 
SSPA:27 
DISCONNECT 
POSITION CODER 


SSPA:29 
OVERLOAD 


SSPA:30 
OVERCURRENT 
INPUT CIRCUIT 


SSPA:31 MOTOR 
LOCK OR 
DISCONNECT 
DETECTOR 


SSPA:32 SIC-LSI 32 
RAM FAULT 


SSPA:33 
SHORTAGE 
POWER CHARGE 


SSPA:34 ILLEGAL 
PARAMETER 


SSPA:36 
OVERFLOW 
ERROR COUNTER 
SSPA:37 ILLEGAL 
SETTING 
VELOCITY 
DETECTOR 


APPENDIX 


Faulty location and remedy 


1 Replace the cable. 
2 Re-adjust the BZ sensor 
signal. 


Check and correct the load 
status. 


Check and correct the power 
supply voltage. 


1 Check and correct the load 
status. 

2 Replace the motor sensor 
cable (JY2 or JY5). 


Replace the SPM control 
printed circuit board. 


1 Check and correct the power 
supply voltage. 
2 Replace the PSM unit. 


Correct a parameter value 
according to the manual. 

If the parameter number is 
unknown, connect the spindle 
check board, and check the 
indicated parameter. 

Check whether the position 
gain value is too large, and 
correct the value. 

Correct the value according to 
the parameter manual. 
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Description 


1 The spindle position coder 
(connector JY4) signal is abnormal. 
2 The signal amplitude (connector 
JY2) of the MZ or BZ sensor is 
abnormal. 
(Unconnected cable, adjustment 
error, etc.) 
Excessive load has been applied 
continuously for a certain period of 
time. (This alarm is issued also when 
the motor shaft has been locked in 
the excitation state.) 
Overcurrent is detected in PSM main 
circuit input. (PSM alarm indication: 
1) 
Unbalanced power supply. 
PSM selection error (The maximum 
PSM output specification is 
exceeded.) 
The motor cannot rotate at a 
specified speed. (A level not 
exceeding the SST level for the 
rotation command has existed 
continuously.) 
Abnormality in the speed detection 
signal. 
Abnormality in an SPM control circuit 
component is detected. (The LSI 
device for serial transfer is 
abnormal.) 
Charging of direct current power 
supply voltage in the power circuit 
section is insufficient when the 
magnetic contractor in the amplifier 
is turned on (such as open phase 
and defective charging resistor). 
Parameter data exceeding the 
allowable limit is set. 





An error counter overflow occurred. 


The setting of the parameter for the 
number of pulses in the speed 
detector is incorrect. 
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SP9041 


SP9042 
SP9043 


SP9046 


SP9047 


SP9049 
SP9050 


SP9051 


SP9052 


Message 


SSPA:41 ILLEGAL 
1REV SIGN OF 
POSITION CODER 


SSPA:42 NO 1REV 
SIGN OF POSITION 
CODER 


SSPA:43 
DISCONNECT 
POSITION CODER 
DEF. SPEED 
SSPA:46 ILLEGAL 
1REV SIGN OF 
SCREW CUT 


SSPA:47 ILLEGAL 
SIGNAL OF 
POSITION CODER 


SSPA:49 DEF. 
SPEED IS OVER 
VALUE 


SSPA:50 
SYNCRONOUS 
VALUE IS OVER 
SPEED 


SSPA:51 LOW VOLT 
POWER CIRCUIT 


SSPA:52 ITP FAULT 
1 


SPM 
indication 


(*1) 


APPENDIX 


Faulty location and remedy 


1 Check and correct the 
parameter. 

2 Replace the cable. 

3 Re-adjust the BZ sensor 
signal. Re-adjust the BZ 
sensor signal. 


1 Replace the cable. 
2 Re-adjust the BZ sensor 
signal. 


Replace the cable. 


1 Check and correct the 
parameter. 

2 Replace the cable. 

3 Re-adjust the BZ sensor 
signal. 

1 Replace the cable. 

2 Re-adjust the BZ sensor 
signal. 

3 Correct the cable layout 
(vicinity of the power line). 


Check whether the calculated 
differential speed value 
exceeds the maximum motor 
speed. 


Check whether the calculated 
value exceeds the maximum 
motor speed. 


1 Check and correct the power 
supply voltage. 

2 Replace the MC. 

1 Replace the SPM control 
printed circuit board. 

2 Replace the spindle 
interface printed circuit 
board in the CNC. 
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Description 


1 The 1-rotation signal of the spindle 
position coder (connector JY4) is 
abnormal. 

2 The 1-rotation signal (connector 
JY2) of the MZ or BZ sensor is 
abnormal. 

3 Parameter setting error 

1 The 1-rotation signal of the spindle 
position coder (connector JY4) is 
disconnected. 

2 The 1-rotation signal (connector 
JY2) of the MZ or BZ sensor is 
disconnected. 

The differential speed position coder 

signal (connector JY8) in SPM type 3 

is abnormal. 


An abnormality equivalent to alarm 
41 was detected during thread 
cutting operation. 





1 The A/B phase signal of the 
spindle position coder (connector 
JY4) is abnormal. 

2 The A/B phase signal (connector 
JY2) of the MZ or BZ sensor is 
abnormal. 

The relationship between the A/B 
phase and 1-rotation signal is 
incorrect (Pulse interval mismatch). 

In differential speed mode, the speed 

of the other spindle converted to the 

speed of the local spindle has 
exceeded the allowable limit (the 
differential speed is calculated by 
multiplying the speed of the other 
spindle by the gear ratio). 

In spindle synchronization, the speed 

command calculation value 

exceeded the allowable limit (the 
motor speed is calculated by 
multiplying the specified spindle 
speed by the gear ratio). 

Input voltage drop was detected. (PSM 

alarm indication: 4) (Momentary power 

failure or poor MC contact) 

NC interface abnormality was 

detected (the ITP signal stopped). 
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Message SPM Faulty location and remedy Description 
indication 
(*1) 
SP9053 SSPA:53 ITP FAULT 1 Replace the SPM control NC interface abnormality was 
2 printed circuit board. detected (the ITP signal stopped). 
2 Replace the spindle 
interface printed circuit 
board in the CNC. 


SP9054 SSPA:54 Review the load state. An overload current was detected. 
OVERCURRENT 


SP9055 SSPA:55 ILLEGAL 1 Replace the magnetic The power line state signal of the 
POWER LINE contactor. magnetic contactor for selecting a 
2 Check and correct the spindle or output is abnormal. 
sequence. 


ee ae 
FAILURE circuit stopped. 
SP9057 CONV. EX. 1 Decrease the An overload was detected in the 
DECELERATION acceleration/deceleration regenerative resistance. (PSMR alarm 
POW. duty. indication: 8) 
2 Check the cooling condition | Thermostat operation or short-time 
(peripheral temperature). overload was detected. 
3 If the cooling fan stops, The regenerative resistor was 


replace the resistor. disconnected, or an abnormal 
4 lf the resistance is abnormal, | resistance was detected. 
SP9058 CNV. OVERLOAD 
SP9059 CNV. COOLING FAN 
FAILURE 
position feedback function is used is 


replace the resistor. 
SP9061 SSPA:61 DECODED 
ALARM 
too large. 


SP9065 SSPA:65 DECODED 65 1 Check parameter settings. The move distance is too long when 
ALARM 2 Check sensor connections the magnetic pole is confirmed 
and signals. (synchronization spindle) 


1 Check the PSM cooling The temperature of the radiator of 
status. the PSM has increased abnormally. 
2 Replace the PSM unit. (PSM alarm indication: 3) 


Replace the PSM unit. The cooling fan in the PSM stopped. 
(PSM alarm indication: 2) 


Check parameter settings. The error between the semi-closed 
and full-closed sides when the dual 


- 3 Check power line 
connections. 
SP9066 COM. ERROR 1 Replace the cable. An error was found in communication 
BETWEEN SP 2 Check and correct the between amplifiers. 
AMPS connection. 
SP9069 SAFETY SPEED 1 Check the specified speed. In the state in which safety speed 
OVER 2 Check parameter settings. monitoring was enabled, the system 
3 Check the sequence. detected that the motor speed 
exceeded the safety speed or 


detected an error during a free-run 
stop. 





SP9070 ILLEGAL AXIS DATA 70 1 Check connections (JA7A of | An error was detected in an axis 
the second spindle requires | number check. 
a dedicated connector). 
2 Replace the SPM control 


printed-circuit board. 
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G.ALARM LIST 


SPM 
indication 


(*1) 


Message 


SP9071 


SP9072 
SP9073 


SP9074 | CPU TEST ERROR 
SP9076 | INEXECUTION OF 


SAFETY 
FUNCTIONS 
SP9077 
SP9078 


MISMATCH RESULT 
OF AXIS NUMBER 
SP9080 
SP9081 


CHECK 

SP9082 | NO 1-ROT MOTOR 
SENSOR 

SP9083 | MOTOR SENSOR 
SIGNAL ERROR 


SP9084 | SPNDL SENSOR 


DISCONNECTED 
SP9085 


SAFETY 
PARAMETER 
ERROR 

MISMATCH RESULT 
OF MOTOR SPEED 
CHECK 


MOTOR SENSOR 
DISCONNECTED 


MISMATCH RESULT 
OF SAFETY 
PARAMETER 
CHECK 


ALARM AT THE 
OTHER SP AMP. 


1-ROT MOTOR 
SENSOR ERROR 


4 


85 


1-ROT SPNDL 
SENSOR ERROR 


APPENDIX 


Faulty location and remedy 


Replace the SPM control 
printed-circuit board. 


1 Replace the SPM control 
printed-circuit board. 

2 Replace the spindle 
interface printed circuit 
board in the CNC. 

1 Replace the feedback cable. 

2 Check the shield processing. 

3 Check and correct the 
connection. 

4 Adjust the sensor. 


B-63944EN/02 


Description 


An error was detected in an axis 
parameter check. 


A mismatch was detected between 
the safety speed check results of the 
SPM and those of the CNC. 


The motor sensor feedback signal is 
not present. 


Replace the SPM control An error was detected in a CPU test. 
printed-circuit board. 


Replace the SPM control 
printed-circuit board. 


1 Replace the SPM control 
printed-circuit board. 

2 Replace the spindle 
interface printed circuit 
board in the CNC. 

1 Replace the SPM control 
printed-circuit board. 

2 Replace the spindle 
interface printed circuit 
board in the CNC. 

Remove the cause of the 

alarm of the remote SPM. 


1 Check and correct the 
parameter. 

2 Replace the feedback cable. 

3 Adjust the sensor. 


The SPM detected that safety 
functions were not executed. 


A mismatch was detected between 
the axis number check results of the 
SPM and those of the CNC. 


A mismatch was detected between 
the safety parameter check results of 
the SPM and those of CNC. 


During inter-SPM communication, an 
alarm was generated on the remote 

SPM. 

The one-rotation signal of the motor 

sensor cannot be correctly detected. 


1 Replace the feedback cable. | The one-rotation signal of the motor 
2 Adjust the sensor. sensor is not generated. 


1 Replace the feedback cable. 

2 Adjust the sensor. 

1 Replace the feedback cable. 

2 Check the shield processing. 

3 Check and correct the 
connection. 

4 Check and correct the 
parameter. 

5 Adjust the sensor. 

1 Check and correct the 
parameter. 

2 Replace the feedback cable. 

3 Adjust the sensor. 


motor sensor feedback signal. 
The spindle sensor feedback signal 
is not present. 


The one-rotation signal of the spindle 
sensor cannot be correctly detected. 





SP9086 NO 1-ROT SPNDL 1 Replace the feedback cable. | The one-rotation signal of the spindle 
SENSOR 2 Adjust the sensor. sensor is not generated. 
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Message SPM Faulty location and remedy Description 
indication 
(*1) 
SP9087 SPNDL SENSOR 1 Replace the feedback cable. | An irregularity was detected in a 
SIGNAL ERROR 2 Adjust the sensor. spindle sensor feedback signal. 


SP9088 COOLING RADI FAN 88 Replace the SPM external The external cooling fan stopped. 
FAILURE cooling fan. 


SP9089 SSPA:89 DECODED 1 Check the connection Submodule SM (SSM) error 
ALARM between the SPM and the (synchronous spindle) 
submodule SM (SSM). 
2 Replace the submodule 
SM(SSM). 
3 Replace the SPM control 
printed-circuit board. 


SP9110 | AMP 1 Replace the communication | Communication error between 
COMMUNICATION 
ERROR 


cable between amplifier and | amplifier and module 
SP9111 CONV. LOW VOLT b1 Replace the PSM control Low converter control power supply 
CONTROL printed circuit board. voltage (PSM indication = 6) 


module. 
control printed circuit board. 
SP9112 CONV. EX. b2 1 Check the regenerative Excessive converter regenerative 
DISCHARGE POW. resistance. power (PSM indication = 8) 


2 Replace the SPM or PSM 
2 Check the motor selection. 
3 Replace the PSM 


SP9113 CONV. COOLING b3 Replace the cooling fan. Stopped cooling fan of the converter 
FAN FAILURE radiator (PSM indication = A) 


SP9121 COMMUNICATION C1 1 Replace the communication | Communication data alarm 
DATA ERROR cable between CNC and 

SPM. 

2 Replace the SPM control 
printed circuit board. 

3 Replace the CNC side 
spindle interface printed 
circuit board. 


SP9122 COMMUNICATION C2 1 Replace the communication | Communication data alarm 
DATA ERROR 


cable between CNC and 
SPM. 

2 Replace the SPM control 
printed circuit board. 

3 Replace the CNC side 
spindle interface printed 
circuit board. 


SP9123 SSPA:C3 DECODED C3 Replace the submodule Submodule SW (SSW) error (spindle 
ALARM SW(SSW). switching) 
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SP9120 COMMUNICATION Co 1 Replace the communication | Communication data alarm 
DATA ERROR cable between CNC and 

SPM. 

2 Replace the SPM control 
printed circuit board. 

3 Replace the CNC side 
spindle interface printed 
circuit board. 


G.ALARM LIST 


Error codes (serial spindle) 


SPM 
indication 


NOTE 


APPENDIX 


B-63944EN/02 


*1 Note that the meanings of the SPM indications 
differ depending on which LED, the red or yellow 
LED, is on. When the yellow LED is on, an error 
code is indicated with a 2-digit number. An error 
code is indicated in the CNC diagnosis, No.712. 
When the red LED is on, the SPM indicates the 
number of an alarm generated in the serial spindle. 


— See 


Faulty location and remedy 


Although neither “ESP (emergency stop signal; there 
are two types of signals including the input signal and 
PSM contact signal) nor MRDY (machine ready 
signal) is input, SFR (forward rotation signal)/SRF 
(reverse rotation signal)/ORCM (orientation 
comman4q) is input. 

The parameter settings are such that a position 
sensor is not used (position control not performed) 
(bits 3, 2, 1, 0 of parameter No. 4002 = 0, 0, 0, 0), but 
a Cs contour control command is input. 

In this case, the motor is not excited. 

The parameter settings are such that a position 
sensor is not used (position control not performed) 
(bits 3, 2,1, 0 of parameter No.4002 = 0, 0, 0, ), but 
a servo mode (rigid tapping, spindle positioning, etc.) 
or spindle synchronization command is input. 

In this case, the motor is not excited. 

The orientation function option parameter is not 
specified, but ORCM (orientation command) is 

input. 

The output switching control function option 
parameter is not specified, but low-speed 
characteristic winding is selected (RCH = 1). 


A Cs contour control command is input, but SFR 
(clockwise rotation command)/SRV 
(counterclockwise rotation command) is not input. 
A servo mode (rigid tapping, spindle positioning, 
etc.) control command is input, but SFR (clockwise 
rotation command)/SRV (counterclockwise rotation 
command) is not input. 


A spindle synchronization command is input, but 
SFR (clockwise rotation command)/SRV 
(counterclockwise rotation command) is not input. 


A Cs contour control command is input, but another 
mode (servo mode, spindle synchronization, or 
orientation) is specified. 
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10) Serial spindle alarms (SP alarm). 


Description 
Check the *ESP and MRDY sequence. For MRDY, 


pay attention to the parameter setting regarding the 
use of the MRDY signal (parameter No. 4001#0). 


Check the parameter settings. 





Check the parameter settings. 


Check the orientation function parameter settings. 


Check the output switching control function 
parameter settings and the power line state check 
signal (RCH). 


Check the sequence. 


Check the sequence. 


Check the sequence. 


Do not switch to another mode during a Cs 
contour control command. 

Before moving to another mode, cancel the Cs 
contour control command. 


B-63944EN/02 


SPM 
indication 


(*1) 


APPENDIX 


Faulty location and remedy 


A servo mode (rigid tapping, spindle positioning, 
etc.) command is input, but another mode (Cs 
contour control, spindle synchronization, or 
orientation) is specified. 


A spindle synchronization command is input, but 
another mode (Cs contour control, servo mode, or 
orientation) is specified. 


Both SFR (clockwise rotation command) and SRV 
(counterclockwise rotation command) are input at 
the same time. 


The speed detector parameter settings (bits 2, 1, 
and 0 of parameter No. 4011) are not valid. +* 
There is no corresponding speed detector. 


The parameter settings are such that a position 
sensor is not used (position control not performed 
(bits 3, 2, 1, and 0 of parameter No. 4002), but 
position coder system orientation is issued. 


If index is performed continuously in position coder 
system orientation, an incremental operation is 
performed first (INCMD = 1), then an absolute 
position command (INCMD = 0) is input. 

The parameter settings are such that the 
shortest-time orientation function is used (bit 6 of 
parameter No. 4018 = 0, Nos. 4320 to 4323 #0). 
The hardware configuration is such that the spindle 
FAD function cannot be used. 

In this case, the motor is not activated. 

The hardware configuration is such that the spindle 
EGB function cannot be used. 

In this case, the motor is not activated. 

Both the spindle FAD function and the spindle EGB 
function are enabled. 

In this case, the motor is not activated. 

The submodule SM (SSM) is faulty or the 
connection between SPM and SSM is in error. 


*2 


G.ALARM LIST 


Description 


Do not switch to another mode during a servo 
mode command. 

Before moving to another mode, cancel the servo 
mode command. 


Do not switch to another mode during a spindle 
synchronization command. 

Before moving to another mode, cancel the 
spindle synchronization command. 


Issue either of them. 


Check the parameter settings. 


Check the parameter settings and the input signal. 


Check INCMD (incremental command). 

If an absolute position command is to follow, be 
sure to perform absolute position command 
orientation first. 


In the ai series spindle amplifier, the 
shortest-time orientation function cannot be used. 
Use normal-system orientation. 


Check the CNC model. 


Check the CNC model. 


The two functions cannot be used at the same 
time. Enable either function only. 


Submodule SM (SSM) error (synchronous 
spindle) 


*2 PSM contact signal 
Between ESP1 and ESP2 on the PSM 
Contact open: Emergency stop 
Contact closed: Normal operation 


(11) Overheat alarms (OH alarm) 


| Number | Message | Cescription 
OHO0700 | LOCKER OVERHEAT CNC cabinet overheat 








OHO0701_ | FAN MOTOR STOP PCB cooling fan motor abnormality 
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(12) Other alarms (DS alarm) 
[| Number | Message | Ci esecription 


DS0001 SYNC EXCESS ERROR (POS DEV) In feed axis synchronization control, the difference in the 
amount of positional deviation between the master and slave 
axes exceeded the parameter (No. 8323) setting value. 
This alarm occurs only for the slave axis. 

DS0002 SYNC EXCESS ERROR ALARM 1 In feed axis synchronization control, the difference in the 
amount of synchronization between the master and slave 
axes exceeded the parameter (No. 8331) setting value. 
This alarm occurs only for the slave axis. 

DS0004 EXCESS MAXIMUM FEEDRATE The malfunction prevention function detected the command 
in which a value exceeding the maximum speed was 
specified. 

DS0005 EXCESS MAXIMUM ACCELERATION The malfunction prevention function detected the command 
in which a value exceeding the maximum acceleration was 
specified. 


LOCK being changed. 
IMAGE being changed. 


DS0020 REFERENCE RETURN INCOMPLETE An attempt was made to perform an automatic return to the 
reference position on the perpendicular axis before the 
completion of a return to the reference position on the 
angular axis. 

However, this attempt failed because a manual return to the 
reference position during angular axis control or an automatic 
return to the reference position after power-up was not 


commanded. First, return to the reference position on the 
angular axis, then return to the reference position on the 
perpendicular axis. 

DS0024 MISMATCH OF ANGULAR AXIS(D.C.S) On angular axis control, one of the angular/perpendicular 
axes is the scale with ref-pos, and the other of them is not 
the scale with ref-pos. Such system is not admired. 

DS0026 MISMATCH OF ANGULAR AXIS(D.C.S) On angular axis control, one of the angular/perpendicular 
axes is the scale with ref-pos, and the other of them is not 
the scale with ref-pos. Such system is not admired. 


DS0027 MISMATCH OF SYNCHRONOUS Master/slave axes of feed axis synchronization control, one 
AXI|S(D.C.S) of them is the linear scale with distance-coded reference 
marks, and the other of them is not the linear scale with 


distance-coded reference marks. 
Please establish reference position with the input signal 
SYNCn<G138>, SYNCJn<G140>__ or pameter setting to 0. 


DS0059 SPECIFIED NUMBER NOT FOUND [External data |/O] 
The No. specified for a program No. or sequence No. 
search could not be found. 
There was an I/O request issued for a pot No. or offset (tool 
data), but either no tool numbers have been input since 
power ON or there is no data for the entered tool No. 
[External workpiece No. search] 


The program corresponding to the specified workpiece No. 
could not be found. 
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[| Number | Message | Cescription = 

DS0131 TOO MANY MESSAGE An attempt was made to display an external operator 
message or external alarm message, but five or more 
displays were required simultaneously. 

DS0132 MESSAGE NUMBER NOT FOUND An attempt to cancel an external operator message or 
external alarm message failed because the specified 
message number was not found. 
operator message or the external alarm message number. 

DS0300 APC ALARM: NEED REF RETURN A setting to zero position for the absolute position detector 
(association with reference position and the counter value of 
the absolute position detector) is required. Perform the return 
to the reference position. 

This alarm may occur with other alarms simultaneously. 
In this case, other alarms must be handled first. 


DS0306 APC ALARM: BATTERY VOLTAGE 0 The battery voltage of the absolute position detector has 
dropped to a level at which data can no longer be held. Or, 
the power was supplied to the Pulsecoder for the first time. 


The battery or cable is thought to be defective. Replace the 
battery with the machine turned on. 

DS0307 APC ALARM: BATTERY LOW 1 The battery voltage of the absolute position detector has 
dropped to a level at which a replacement is required. 
Replace the battery with the machine turned on. 

DS0308 APC ALARM: BATTERY LOW 2 The battery voltage of the absolute position detector dropped 
to a level at which a replacement was required in the past. 
(including during power off) 
Replace the battery with the machine turned on. 


DS0309 APC ALARM: REF RETURN An attempt was made to set the zero point for the absolute 
IMPOSSIBLE position detector by MDI operation when it was impossible to 
set the zero point. 
Rotate the motor manually at least one turn, and set the zero 


position of the absolute position detector after turning the 
CNC and servo amplifier off and then on again. 

DS0310 NOT ON RETURN POINT The return position recorded during retraction is not reached 
during recovery. The position may be displaced during 
recovery due to a machine lock or mirror image. 

Perform the operation again after making a reset. 


DS0405 ZERO RETURN END NOT ON REF The axis specified in automatic zero return was not at the 
correct zero point when positioning was completed. 
Perform zero return from a point whose distance from the 
zero return start position to the zero point is 2 or more 
revolutions of the motor. 
Other probable causes are: 
- The positional deviation after triggering the deceleration 


dog is less than 128. 
- Insufficient voltage or malfunctioning Pulsecoder. 

DS1120 UNASSIGNED ADDRESS (HIGH) The upper 4 bits (EIA4 to EIA7) of an external data I/O 
interface address signal are set to an undefined address 
(high bits). 

DS1121 UNASSIGNED ADDRESS (LOW) The lower 4 bits (EIAO to EIA3) of an external data I/O 
interface address signal are set to an undefined address (low 
bits). 

OUTPUT REQUEST ERROR OUTPUT REQUEST ERROR An output request was issued 


during external data output, or an output request was issued 
for an address that has no output data. 
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[| Number | Message | Ci esecription 
DS1127 DILEIDHW OUT OF RANGE The numerical value input by external data input signals 
EID32 to EID47 has exceeded the permissible range. 
to EID31 has exceeded the permissible range. 
DS1130 SEARCH REQUEST NOT ACCEPTED No requests can be accepted for a program No. ora 
sequence No. search as the system is not in the memory 


mode or the reset state. 
DS1131 EXT-DATA ERROR (OTHER) [External Data I/O] 
An attempt was made to input tool data for tool offset by a 
tool No. during loading by the G10 code. 
DS1150 A/D CONVERT ALARM A/D converter malfunction 


An invalid parameter was set for torque control. 
The torque constant parameter is set to “O”. 
exceeded in G54.3. 


DS1448 ILLEGAL PARAMETER (D.C.S.) The setting value of parameter for reference marks is 
satisfied the following any conditions. 

The absolute-position detection function is enabled. 
Either parameter 1821 (mark-1 interval) or parameter 1882 
(mark-2 interval) is set to 0. 
Parameters 1821 and 1882 have identical settings. 
The difference between the settings made for parameters 
1821 and 1882 is greater than or equal to twice either 





setting. 
The setting value of parameters 1883 and 1884 are over 
the valid data range. 
DS1449 REFERENCE MARK ARE DIFFERENT In case of distance coded linear scale I/F, the actual interval 
FROM PARAMETER of reference marks is different from parameter 
(No.1821,1882) setting value. 
DS1450 ZERO RETURN NOT FINISHED 1st reference position return (CDxX7 to CDxX0: 17h (Hex)) 
was specified when the manual reference position return was 


not executed with the reference position return function 


DS1451 IMPROPER PMC AXIS COMMAND The PMC axes cannot be controlled in this state. 
DS1512 EXCESS VELOCITY The feedrate of the linear axis during polar coordinate 
interpolation exceeded the maximum cutting feedrate 


DS1514 ILLEGAL MOTION IN G12.1 MODE In a hypothetical axis direction compensation during the polar 


enabled (parameter ZRN (No. 1005#0) set to “O”). 


coordinate interpolation mode, an attempt is made to travel 
to the area in which the travel cannot be made. 


DS1553 EXCESS VELOCITY IN G43.4/G43.5 The axis rate was attempt to exceed the maximum cutting 
feedrate and travel by the pivot tool length compensation. 


DS1710 ILLEGAL ACC. PARAMETER There are errors in the parameters of permissible 
(OPTIMUM TORQUE ACC/DEC) acceleration for Optimum Torque Acceleration/Deceleration. 
One of the following is the cause. 
1) The ratio of the acceleration for deceleration to the 


acceleration for the acceleration is lower than the limited 
value. 
2) The time to decelerate to 0 is larger than the maximum. 


19744 used to configure the machine contains an error. 
DS1932 DI.THML SIGNAL ON One of the parameters used to configure the machine is 
rewritten while the tool direction thermal displacement 


compensation function is enabled. 
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| Number | Message | Cescription 


DS1933 NEED REF RETURN(SYNC:MIX:OVL) The relation between a machine coordinate of an axis in 
synchronization, composition, or superposition control, and 
the absolute, or relative coordinate was displaced. 

Perform the manual return to the reference position. 





(13) Malfunction prevention function alarms (IE alarm) 


check 1 on the positive side was exceeded. 
check 1 on the negative side was exceeded. 
check 2 on the positive side was exceeded. 
check 2 on the negative side was exceeded. 


check 3 on the positive side was exceeded. 

check 3 on the negative side was exceeded. 

which a value exceeding the maximum speed was specified. 
acceleration/deceleration error. 

a machine coordinate in the check point. 
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H PC TOOL FOR MEMORY CARD 
PROGRAM OPERATION/EDITING 
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H.1 


Overview 


H.1.1 


H.1.2 


APPENDIX ___H.PC TOOL FOR MEMORY CARD PROGRAM OPERATION/EDITING 


PC TOOL FOR MEMORY CARD PROGRAM 
OPERATION/EDITING 


Usage Notes 


By using this PC tool, you can make the memory card program file 
("FANUCPRG.BIN") which is needed for the function "Memory Card 
Program Operation/Editing”. 
The maximum size of the memory card program file is 2048 Mbytes 
(2 Gbytes). The "Memory Card Program Operation/Editing" function 
needs the memory card which has the memory card program file on 
the FAT formatted memory card. 
This PC tool can be operated on a PC in the marketplace and with 
following OS : 
- Windows(R)NT4.0 Workstation (SP5 or later) 
- Windows(R)2000 Professional 
And acceptable specification is as followings : 
-Memory: 32Mbytes or more 
- Harddisk: 10Mbytes or more free space and additional space 
for the memory card program file 


Before using this PC tool, please make sure there is no [temp] folder 
on the same place of this PC tool. 

[temp] folder is created and used by this PC tool as work folder. 

If [temp] folder is created, please do not access this folder. 

[temp] folder and the files located in this folder will be deleted by this 
PC tool. 


List of Functions of PC Tool 


- Browsing the folders of the memory card program file 

- Adding a program to the memory card program file by dropping 
the program into this PC tool from Explorer etc. (hereinafter 
referred to as "drop in") 

- Extracting a program in the memory card program file as a text 
file on Windows file system by dropping out from this PC tool 
into Explorer etc. (hereinafter referred to as "drop out") 

- Renaming a program in the memory card program file 

- Deleting a program in the memory card program file 

- Creating a new folder into the memory card program file 

- Renaming a folder in the memory card program file 

- Deleting a folder in the memory card program file 

- Display of free space on the memory card program file 

- Sorting list view of the memory card program file 
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H.1.3 Explanation Of Operations 


- Outline of screen 


1) Menu bar : The menu of this PC tool is displayed. 

2) Tree view : Browsing the folders of the memory card 
program file. 

3) Column : Attributes of each file or folder in the memory 
card program file. 

4) List view : Contents of selected folder are displayed. 

5) Status bar: Used and Unused space in the memory card program 

alt: are displayed: 





CYCLE1 

CYCLE2 GQ ae 

CYCLE3 CYCLE3 

MACRO MACRO 

=) PROGRAM _| (QPROGRAM_EDIT 

Line_01 2003/02/19 14:14:20 
Line_02 2003/12/05 10:34:36 
Line_03 2003/12/05 10:42:04 
MEMCARD_Main_Program 2003/12/05 10:33:30 
MEMCARD_Sub_Program 2003/12/05 10:33:54 
0100 2003/11/25 17:05:46 
o200 2003/02/19 11:44:56 
0300 (4) 2003/09/05 20:36:30 








|Used(? 1Folders, 183KB) (Unused(431Folders,3914KB) 


- Initial Option dialogue window 


When this PC tool starts up, the Option dialogue window is displayed. 
Please select "Open an existing file" or "Create a new file". 
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hes 
Peau) 
sy) out) 


fe ZMVbyte: 


f >) ANVibyie: 


Pe) civibyie: 


>) Gustomice: 





-When "Open an existing file" is selected 
After OK button pushed, "Open" dialogue window is displayed. 
Please select the existing memory card program file. 


& Local Disk (C:) = [t) FBS 


app (J winzip 
Documents and Settings FANUCPRG. bin 
Program Files 

_ RECYCLER 

__) System Yolume Information 
WINNT 

















a 
BIN Files(*.bin} r| | , 





-When "Create a new file" is selected 
After OK button pushed, "Save As" dialogue window is displayed. 
Please create a new memory card program file on the selected folder. 
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Winzip 
| Documents and Settings [sa] FANUCPRG. bin 
J) Program Files 

RECYCLER 

—) System Volume Information 





File name: FANUCPRG.BIN 
Save as type: [BIN Files{* bin) 7] Cancel | 


4 





When the new the memory card program file is created, the following 
items need to be selected: 

- Folder/Program Numbers 

- Program Size 


"Folder/Program Numbers" can be selected among 63 / 500 / 1000. 
The default value is 63. 


"Program Size" can be selected among 2Mbyte, 4Mbyte, 8Mbyte, and 
Customize. The default value is 2Mbyte. 


NOTE 
When "Customize" size is selected, it is available to 
cover the range from 2Mbyte to 2048Mbyte. 
Though the maximum size is 2048Mbyte, a slight 
loss exists by system use. 
The number of "Folders" in the status bar includes 
number of program file and folder. 





During creating of the memory card program file, the progress bar is 
being displayed. This progress bar is also displayed during executing 
of Drop-in and Drop-out. 

If you push [Cancel] button, the execution is stopped. 


i i$ x 


Creatine... 


FANUGPRG.BIN 
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- Menu 
File menu 


[ZW C:\FANUCPRG.bin - FPRG_30i 
| Eile Edit Option Help 










New Ctrl+N 
Open... Ctrl+o C¥YCLE_0001 
C¥CLE_0002 
C¥CLE_0003 
C¥CLE_o004 


C¥CLE_0005 








Exit 


MACRO 
®-PROGRAM_ED 






[New] 
Create a new memory card program file. 


[Open...] 
Open the existing memory card program file. 


[Exit] 
Terminate this PC tool. 


Edit menu 
F. C:\FANUCPRG.bin - FPRG_30i 
File | Edit Option Help 
B.} New Folder 











Delete Del C¥YCLE_0001 
Rename CYCLE_0002 
CYCLE_O0003 


MACRO 
&-PROGRAM_ED 


C¥YCLE_o004 
C¥CLE_0005 


[New Folder] 
Create new folder. It is available during Tree view selected. 
Up to seven hierarchical levels starting from the user root folder 


(/USER) are permitted. 
/USER/PATH1/Aaa/Bbb/Ccc/Ddd/0123 
1 2 3 4 5 6 7(not folder) 
[Delete] 


Delete program files or folders. 
If you delete a folder, all folders and program files in the folder 
will be deleted. 


[Rename] 
Rename a folder or file. 


x 


Input new name 


SY 
Cancel | 
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NOTE 
For naming folder and program file, characters 


which can be used are limited. Please refer to 
"Naming rules". 





Option menu 
[A C¥FANUCPRG.BIN - FPRG_30i 
File Edit | Option Help 

Hide Confirm Message 


CYC! Ignore Error Code 
CYCI Change Work Folder 





















CYC 
MACRO - 
&}. PROGRAM. Ca Macro 
PROGRAM _EDIT 
Fy is... m4 


[Hide Confirm Message] 
When the following operations are executed, the following 
Confirm Message is popped up before the memory card program 
file is modified. 


CS Et ix 


{ ? Memory Card Program File will be changed by this operation. 
4re you sure you want to continue? 


“| Cancel | 








1. Delete folder or program file 
2. Rename folder or program file 
3. Drop-in program file 

4. Add folder 


If the [OK] button is pushed, the operation advances. 
If the [Cancel] button is pushed, the operation is abandoned. 


When the [Hide Confirm Message] in menu bar is checked, the 
Confirm Message is not displayed and the operation advances at 
once. The default setting is the Confirm Message displayed. 


[Ignore Error Code] 
When the [Ignore Error Code] in menu bar is checked, program 
file which includes unusable characters can be dropped in. The 
unusable characters in the program file will be ignored and will 
not be written into the memory card program file. 
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[Change Work Folder] 
FPRG_30i 






Input Work Folder path 


I Browse.. | 
conc 


Work folder is used for temporarily keeping the dropped out files. 
If work folder has no enough free space, Drop-out will not be 
executed. To avoid this, you can check this option and change the 
work folder to an area where there is enough free space. With 
default setting, work folder [temp] will be created on the same 
place of this PC tool "FPRG_30i.exe". 

If you changed the default work folder, the following warning 
message is popped up. 

FPRG_30i 


New Work Folder D4¥WORK 
will be cleared when you exit the application. 


Are you sure you want to continue? 


a Feb | 


















If the [OK] button is pushed, the operation advances. 
If the [Cancel] button is pushed, the operation is abandoned. 


If the work folder has been changed before, the following 
warning message is popped up. 
FPRG_30i 


/N Current Work Folder D¥WORK 









will be cleared. 


New Work Folder C:¥Work Folder 
will be cleared when you exit the application. 


Are you sure you want to continue? 





If the [OK] button is pushed, the operation advances. 
If the [Cancel] button is pushed, the operation is abandoned. 


/\ WARNING 
1 Atthis PC tool terminated, all files in the work 
folder are deleted. 


2 During this PC tool executing, do not access the 
files in the work folder. If the access is done, there 
is no assurance of normal operation. 
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Help menu 


[A C:\\FANUCPRG.bin - FPRG_30i 
File Edit Option | Help 














About... 
CYCLE_OO01 
C¥CLE_o002 
C¥CLE_0003 
CYCLE_0004 
C¥CLE_0005 


C¥CLE2 
CYCLES 

MACRO 
#-PROGRAM_ED 


[About...] 
Version number of this PC tool is displayed. 


About FS30i Memory Card Program Tool x} 


FS30i Memory Card Program Tool Version 1.0}: 
rr 
iN Copyright (C) 2003 FANUC LTD 








- Mouse Operation 
[Drop-in and Drop-out] 
- Drop-in from Explorer 
NC program can be added by dropping files including the NC files 
into the List view window of this PC tool from Explorer 


NC program name and update time is the same as the Dropped-in 
files. 


If "Oxxxxxxxx" or "<xxxx>" exists at the top of files, These 
"Oxxxxxxxx" and "<xxxx>" become NC program name. If not exist, 
each file name becomes NC program name. 


Name of external file | Top of external file | Name of internal file Program number 
01234 N10G00 01234 1234 

0123N10G00 N10G00 0123N10G00 Not an O number program 
test.txt 01234N10G00 01234 1234 

test.txt <01234> 01234 1234 














test.txt <01234N10> 01234N10 Not an O number program 
01234 <01234N10> 01234N10 Not an O number program 
0001234 N10G00 01234 1234 
0001234N10G00 N10G00 0001234N10G00 Not an O number program 
test.txt 0001234 01234 1234 
test.txt <0001234> 01234 1234 
test.txt <0001234N10G00> 0001234N10G00 Not an O number program 
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O01 


G91 X10. Y10. G91 X10. Y10. O01 . G91 X10. Y10. 


M30 





NOTE 

1 For naming program file, please refer to the 
following chapter "Naming rules of Program file". 

2 For usable characters in Program file, please refer 


to the following chapter "Rules of characters in 
Program file". 

The updating time of program file is available from 
1997 to 2037. 





This PC tool can check contents of dropped-in program file according 
to "Rules of characters in Program file". However, this PC tool does 
not check grammar of NC program. 


The program file can only have one NC program. Therefore, the NC 
program output from CNC cannot be dropped in directly. 


Example of Program 


Available for Drop-in I Unavailable for Drop-in 


<O1> % : O1 


M30 G91 X10. Y10. M30 
M30 : 
% : 010 
G91 X10. Y10. 
M30 





NOTE 


1 If the same named program file exists, another 
same named program file cannot be dropped in. 

2 If free space on the memory card program file is 
lacking, new program file cannot be dropped in. 
If the NC program name is not compliant with 
"Naming rules of Program file", the program file can 
not be dropped in. 


If the File name acts as Program number, "O" is displayed on the first 
row of list view. 

| [NAME SIZE | LASTUPDATED 

Oo 0300 2KB 2003/11/27 18:01:28 
Oo 0400 10KB 2003/12/05 10:52:18 






- Drop-out from List view window 
Drop-out from list view of this PC tool to Explorer is available. 
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NOTE 
Do not drop out to Work folder. If dropped out to 


Work folder, this PC tool cannot continue to 
function normally. 





- Pop-up menu 
Pop-up menu is displayed by clicking the right mouse button. 


- Focus on Tree view 
[A C:\FANUCPRG.bin - FPRG_30i 
File Edit Option Help 












cyc NewFolder fh cycie_oo0z 






cye Delete CYCLE_0003 
Renate CYCLE_0004 
PR CYCLE_0005 


NC_PROGR CYCLE_0006 


Clicking "New Folder", a new folder is created on selected folder. 
Clicking "Delete", the selected folder is deleted. 


Clicking "Rename", the selected folder is renamed. 


If clicking on root folder, "Delete" and "Rename" are not activated. 


- Focus on List view 
[i C:\FANUCPRG.bin - FPRG_30i 





File Edit Option Help 





CYCLE1 

CYCLE2 

CYCLE3 

MACRO MACRO 
&-PROGRAM_ED PROGRAM_E... 


Clicking "Delete", the selected folder or program file is deleted. 
Clicking "Rename", the selected folder or program file is renamed. 


- Display of free space on the memory card program file ("FANUCPRG.BIN") 
Number of used folder, size of used space, number of unused folder, 
and size of free space are displayed on status bar in the lower portion 
of the screen. 





Used(? 1Folders, 183KB} lUnused(431Folders,3914KB) YW) 


When a new memory card program file is created, two reserved folder 
are also created. Therefore, the number of used folder is two. However 
it does not show that number of unused folder is reduced. 
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The display of status bar is renewed at creating or deleting a folder, 
dropping-in from Explorer, and deleting a program file. 


- Sorting list view of the memory card program file 
When a column is being clicked, the list view of the memory card 
program file is being sorted by the column key in ascending or 
descending order. 

The initial display is sorted by NAME key in ascending order. 








—LS 
2 ae ene 
| CNAME Clicking | > SIZE | LASTUPDATED 
Typexctern ee 





CYCLE2 








Help 

| Name —CsYSCSTZE| LAASTUPDATED 
C¥CLE2 
C¥CLE1 


- 1657 - 


H.PC TOOL FOR MEMORY CARD PROGRAM OPERATION/EDITING — APPENDIX ___8-63944EN/02 


H.2 NAMING RULES 


Overview 
Naming rules of folder and program file are described as follows. 


H.2.1 | Naming Rules of Program File 


Here are Naming rules of Program file: 

- Program file name can have a maximum of 32 characters. 

- Program file name can have following characters. 
Alphabet(Upper and lower case letter), numeric character, 
"-"(minus), "+"(plus), "_ "(under bar), "."(dot) 
"" and ".." can not be used since these are reserved for system 
use. 


- The File name acts as Program number 
When the File name is "O"+ 1-99999999, the file name acts as 
Program number. 


Example) 
"0123" Program number 123 
"O1" Program number | 
"03000" Program number 3000 
"099999999" Program number 99999999 
"00123" Program number 123 
The file name does not act as Program number, and can be dropped in: 
"ABC" Top of character is not upper case letter of "O". 
"9123" Top of character is not upper case letter of "O". 


"00123XY" Characters following the "O" contains alphabet. 


The file name does not act as Program number, and cannot be dropped 
in: 
"0123456789" Numeric characters exceed 8 digits. 


NOTE 
1 Program file name cannot be repeated in a Folder. 


2 If program file name starts with "O" and the next 
eight characters are all numeric characters, the "0" 
(zero) after the "O" will be deleted. 
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H.2.2 Naming Rules Of Folder 


Here are Naming rules of Folder: 

- Folder name can have a maximum of 32 characters. 

- Folder name can have following characters. 
Alphabet(Upper and lower case letter), numeric character, 
"-"(minus), "+"(plus), " "(under bar), "." (dot) 
"" and ".." can not be used since these are reserved for system 
use. 


NOTE 
Folder name cannot be repeated in a Folder. 
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H.3 RULES OF CHARACTERS IN PROGRAM FILE 


Overview 
Words in parentheses "( )" in Program file are treated as comments. 
The mark of comment start "(" is named "Control-out". 
The mark of comment end ")" is named "Control-in". 
"Control-out" and "Control-in" must make a pair. The order is Ist - 
"Control-out" and 2nd -"Control-in". And nested parentheses is not 
available. 


NOTE 

1 When a program file is dropped in, space code 
(0x20 SPC) , tab code (0x09 HT) , carriage return 
code(0x0d CR) and percent code(0x25 %) is 
deleted. If "%" is found in Control-in, characters 


between "%" and next "LF" (Ox0a) is deleted. 

2 The front of program number ":" is changed to 
"O"(O as in Oscar) while the program file dropped 
in. 

3 The program file can only have one NC program. 
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H.3.1 Usable Characters in Program File 


- Usable characters in Control-in 


List of ANSI(ASCII) codes of usable characters(hexadecimal form) 
Character Character Character Character 
t 








x< 














LIN |< 


















































/ 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 












































Sl<[ClAlwM/WIO|VIO/ZIZ/r-jAlc|—-|Ll/O|m\|M|VJoO|wa/F>El|~w 


o}3 12 fo Jo [5 43 J-—- |x Ee /—- |S [e Ja4]0 JQ Jo |o Io | 


NOTE 
In the Control-in, "O", ":", and "<" can not be used 
at top of the line except for the 1*' line. 
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- Usable characters in Control-out(characters in parentheses) 


List of ANSI(ASCII) codes of usable characters(hexadecimal form) 



















































































Code Character Code Character Code Character Code Character 
Oa LF 3c < 55 U 71 q 
20 SPC 3d = 56 V 72 r 
22 : 3e > 57 Ww 73 s 
23 # 3f ? 58 xX 74 t 
24 $ 40 @ 59 Y 75 u 
26 & 41 A 5a Z 76 Vv 
27 : 42 B 5b [ 77 Ww 
2a . 43 C 5d ] 78 x 
2b + 44 D 5f _ 79 y 
2c ; 45 E 61 a Ta z 
2d 46 F 62 b 
2e : 47 G 63 c 
2f / 48 H 64 d 
30 0 49 I 65 e 
31 fl 4a J 66 f 
32 2 4b K 67 g 
33 3 4c L 68 h 
34 4 4d M 69 i 
35 5 4e N 6a j 
36 6 4f O 6b k 
37 7 50 P 6c | 
38 8 51 Q 6d m 

9 R n 
: S oO 
T p 
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H.4 ERROR MESSAGE AND NOTE 





Error may occur when using this application, hereafter explains the 
error messages and gives relative instructions. 


H.4.1 List of Error Message 


When an error occurred, the error message box is displayed as 
follows. 


Message Remarks 
Failed to open the file you specified. If failed to open once again, the file may be broken. 
Failed to read or write to the specified file. 
There is insufficient disk space. There is no enough free space to create a new memory card 
program file or to put drop out files to work folder. In the latter 
case, please refer to chapter "Menu" [Change Work Folder] 
File name is not correct. Please refer to the chapter "Naming rules of Program file". 
Input name is already exists. Please input another name. 
File name is already exists. Please input another name. 
Input name is not correct. Please refer to the chapter "Naming rules". 
Please input an integer between 2 and The size of the memory card program file is available from 
2048 2Mbyte to 2048Mbyte. 
An illegal character is included in the Please refer to the chapter "Rules of characters in Program file". 
specified file. 
Last update time of the specified file is The updating time of program file is available from 1997 to 2037. 
unsupported. 
The memory card program file you The specified file format is not the memory card program file 
specified cannot be identified. 
There is insufficient free folder. Please delete unnecessary program files or folders. 
There is insufficient free program space. Please delete unnecessary program files. 
Folder deeper than 7 cannot be created. 
Root folder cannot be deleted. 
Root folder cannot be renamed. 
Failed to create work folder. Please check whether the [temp] work folder is able to create or 
not. 
In default, the [temp] work folder is created on the same place of 
this PC tool "FPRG_30i.exe". 
























































Process has been cancelled. 





The specified work folder is not found. The Drop-out cannot be executed. 

Terminate this PC tool. And check the setting of Work Folder on 
the Option dialogue window. 

Only one instance of this application can Double activation of this PC tool cannot be executed. 

be executed. 


H.4.2 Note 











- Folder and Program Numbers 
Folder and Program Numbers can be selected among 63 / 500 / 1000. 
For selecting the Numbers of 500 or 1000, the option "Registered 
programs expan. On the memory card" is needed in CNC side. 
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Axis Status display... eesecesesecneeescneeseseeeecnenseeneens 1006 
<Number> : 
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5-AXIS MACHINING FUNCTION ...... ee eeeeeeeeeeenees 650 <B> 
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8.4" LCD CNC Display Panel... cee eeeeeeereeteeeenees 838 BACKING UP VARIOUS DATA ITEMS... 1329 
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Control Point Compensation of Tool Length 


Compensation Along Tool AXIS .........cccsceeseeeeeteereeeeeee 343 
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